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Be vielen Pflanzen erfolgt Reproduktion, ohne dass ein Sexualakt 
und ohne dass ein Kernphasenwechsel vorgekommen sind. Die 
Reproduktion kann da auf verschiedene Weise geschehen. Um hier 
Ordnung zu schaffen, sind besondere Termini eingefiihrt worden. Die 
Terminologie zeigt indessen eine immer gréssere Neigung zu bedenk- 
licher Verwirrung, weshalb mir eine kritische Priifung derselben berech- 
tigt erscheint. Die folgende Priifung, Revision und Terminologie be- 
treffen in erster Linie die héheren Pflanzen. Die Terminologie diirfte 
jedoch im grossen ganzen auch Geltung besitzen, wo es sich um andere 
Organismen handelt. 

Fiir samtliche Falle, wo ein Organismus sich fortpflanzt, ohne dass 
Befruchtung erfolgt, ist oft der von DE BARy (1878) eingefiihrte Aus- 
druck Apogamie angewandt worden. Fraglich ist indessen, ob DE BARY 
wirklich gemeint hat, dass der Ausdruck in diesem Sinne verwendet 
werden sollte. Aus seinen Definitionen und Beispielen geht das nicht 
klar hervor. Natiirlich war die Problemstellung 1878 eine andere als 
heute, die Gesamtlage unseres Wissens bringt es mit sich, dass Defini- 
tionen und Exemplifikationen aus jenem Jahre heute oft nicht mehr 
anwendbar sind. Mir will es scheinen, als habe DE BARY mit seinem 
Ausdruck in erster Linie das Fehlen einer sexuellen Fortpflanzung be- 
zeichnen wollen. DE BARYs Terminus ist spater in verschiedener Weise 
verwendet worden: 1) zur Bezeichnung des Falles, wo Fortpflanzung 
mittels Samen geschieht, ohne dass aber Befruchtung erfolgt ist, 2) zur 
Bezeichnung der Bildung eines Sporophyten aus einem Gametophyten, 
ohne dass Befruchtung erfolgt ist, 3) zur Bezeichnung der Bildung eines 
Sporophyten aus einer somatischen Gametophytenzelle, ohne dass Be- 
fruchtung erfolgt ist. 

WINKLER (1908) fiihrte den Ausdruck Apomixis ein, um »den 
Ersatz der geschlechtlichen Fortpflanzung durch einen anderen, unge- 
schlechtlichen, nicht mit Kern- oder Zellverschmelzung verbundenen 
Vermehrungsprozess» zu bezeichnen. Der Ausdruck Apomixis ist 
jedoch spater in genau so variabler Weise wie der Ausdruck Apogamie 
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verwendet worden. Ich beniige mich, hier ein Beispiel anzufihren. 
DARLINGTON (1937, S. 434) schreibt: »Apomixis may be defined (follow- 
ing WINKLER, 1908) as a system of reproduction having the external 
character of sexual reproduction but omitting one or both of its essential 
cellular processes. These are meiosis and fertilisation». Dies heisst doch 
nicht WINKLER zu folgen. 

Ist es erlaubt, auf diese Weise einmal definierte Ausdriicke ihre 
Bedeutung Andern zu lassen? Ja, unter gewissen Umstanden. Nam- 
lich wenn die weitere Forschung Resultate ergibt — beispielsweise Ent- 
deckungen, die mit sich bringen, dass in die Definition oder in die erste 
Definition und die erste Exemplifikation eingehende Tatsachen ein- 
ander widersprechen — die dies verlangen, damit es iiberhaupt mdéglich 
sein soll, mit der Terminologie zu arbeiten. Soweit als méglich muss 
indessen auf die Prioritat stets Riicksicht genommen werden. Sinnande- 
rungen ohne begriindeten Anlass sind unstatthaft. Wird eine Ande- 
rung an der Bedeutung eines Terminus vorgenommen, so muss eine 
neue Definition gegeben werden, wobei auch ausdriicklich gesagt wer- 
den muss, dass die Definition neu ist. Was das Apomixisgebiet betrifft, 
so hat die weitere Forschung kaum in grésserem Ausmass eine Ande- 
rung der Bedeutung der Termini notwendig gemacht. Erforderlich ist 
vielmehr die Einfiihrung neuer Termini geworden, die neben den alten 
anzuwenden sind. 

Die gleichartige Veranderung der Bedeutung der Termini Apogamie 
und Apomixis beruht auf zwei verschiedenen Dingen: 1) ein Terminus 
ist notwendig, um diejenigen Falle zu bezeichnen, wo Reproduktion 
mittels Samen erfolgt, aber ohne dass Kernphasenwechsel oder Befruch- 
tung geschieht (vgl. DARLINGTONs Definition des Terminus Apomixis, 
siehe oben), 2) man hat die Bildung eines Sporophyten aus einer frii- 
heren Sporophytengeneration, eventuell iiber eine Gametophytengene- 
ration hin, mit der Bildung einer Sporophytengeneration aus einer 
Gametophytengeneration vermengt, man hat Gametophytenbildung aus 
einem Sporophyten als Fortpflanzung des Sporophyten und Sporo- 
phytenbildung aus einem Gametophyten als Fortpflanzung des Gameto- 
phyten bezeichnet. In diesem letzteren irrtiimlichen Verfahren liegt zu 
grossem Teil die Verwirrung, die in der Terminologie eingetreten ist. 
Man darf nicht den Ausdruck Fortpflanzung in dualistischer Bedeutung 
verwenden. Unter Fortpflanzung muss Reproduktion verstanden wer- 
den; die Bildung eines neuen Organismus aus einem gleichartigen, also 
die Fortpflanzung des Sporophyten, muss in der Bildung eines neuen 
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Sporophyten, und wenn Generationswechsel vorliegt, in einer solchen 
uber einen Gametophytengeneration hin, bestehen. 

1908 gab WINKLER eine Einteilung der verschiedenen Weisen, wie 
die apomiktische Vermehrung vor sich geht. Es scheint jedoch, als ob 
er dabei den Fehler begeht, auf den ich soeben hingewiesen habe. Er 
stellt namlich drei Unterabteilungen, »vegetative Propagation, Apo- 
gamie und Parthenogenesis», einander gleich. Er definiert Apogamie: 
»die apomiktische Entstehung eines Sporophyten aus vegetativen Zellen 
des Gametophyten» und Parthenogenesis: »die apomiktische Entstehung 
eines Sporophyten aus einem Ei». Der erste der drei Ausdriicke bezieht 
sich auf eine Methode, nach welcher Fortpflanzung geschieht, die beiden 
anderen bezeichnen verschiedene Weisen, wie die Sporophytenbildung 
vom Gametophyten aus geschieht. WINKLER hat méglicherweise den 
Ausdruck Fortpflanzung in einer nachlassigen Weise benutzt. Wenn 
er hier von Fortpflanzung spricht, meint er wahrscheinlich nur Sporo- 
phytenbildung, sonst hatte er sich einer dualistischen Verwendung des 
Ausdruckes Apomixis schuldig gemacht. In dieser Weise — Apo- 
mixis = Sporophytenbildung ohne Befruchtung — hat offenbar EDMAN 
(1931) WINKLERs Arbeit aufgefasst. Die meisten Autoren sind aber 
dem Wortlaut der WINKLERschen Definition gefolgt. Es ware jetzt sehr 
unpraktisch, anders zu tun. Folglich definiere ich: Apomixis = Repro- 
duktion ohne Befruchtung und also auch ohne Kernphasenwechsel. 

Es erhebt sich aber nun die Frage, welcher von den Termini zur 
Bezeichnung der Reproduktion ohne Befruchtung beizubehalten ist, 
Apogamie oder Apomixis. GUSTAFSSON (1935) antwortet: »As this term 
[scil. Apogamie] has in course of years been employed to denote diff- 
erent things, WINKLER’s term is certainly to be preferred». Da jedoch 
der WINKLERsche Terminus ebensosehr wie der Terminus Apogamie 
»missbraucht» worden ist, verliert die von GUSTAFSSON angefiihrte Be- 
griindung ihren Wert. RENNER (1916) erklart: »Nun sagt Gamie aber 
soviel wie Paarung, Mixis ist Mischung, Verschmelzung. Wir wissen, 
dass bei den héheren Pilzen allgemein der Geschlechtsvorgang zunachst 
in einer Kernpaarung besteht, auf die ganz spat erst die Kernverschmel- 
zung folgt. Dieser zweite Schritt bleibt sogar ganz aus bei gewissen 
Uredineen — — —. Wir finden hier Gamie ohne Mixis, oder, um mit 
MAIRE zu sprechen, Apomixis». Schliesst man sich dieser letzteren 
Ansicht an, so miissten bei den héheren Pflanzen beide Ausdriicke, 
Apomixis und Apogamie, angewendet werden kénnen, da ja weder 
Gamie noch Mixis vorliegt (man beachte jedoch Fille von Pseudo- 
gamie!). RENNER lasst also die rein sprachliche Bedeutung der Termini 
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entscheidend sein. Dies ist jedoch kaum zweckmassig. Wenn ein Ter- 
minus einmal begrifflich definiert worden ist, muss er wenn méglich 
seine Bedeutung beibehalten, auch wenn sie, rein sprachlich gesehen, 
nicht vollig korrekt ist. 

Da fiir den WINKLERschen Terminus eine genaue Definition vor- 
liegt, da die Bedeutung des von DE Bary geschaffenen Terminus nicht 
vollig klar ist, und da der erstgenannte Terminus jetzt mehr in Ge- 
brauch ist, ziehe ich es vor, den WINKLERschen Ausdruck zu benutzen, 
obwohl er jiinger ist. 

Individuen, bei denen die Reproduktion durch Apomixis bedingt ist, 
sind von TURESSON (1926) Apomikten genannt worden. 

»Die drei Erscheinungen Apogamie, Aposporie und Nucellar- 
embryonie kénnen als verschiedene Falle von apomiktischer Samen- 
bildung (Embryobildung) zusammengefasst werden. Man kénnte diese 
drei Falle auch mit dem neuen Terminus Agamospermie bezeichnen>», 
schreibt TACKHOLM (1922) in seiner wohlbekannten Abhandlung iiber 
Rosa. Wie TACKHOLM den Umfang der beiden Termini Apogamie und 
Aposporie abgrenzt, ist nicht deutlich erkennbar. Es scheint jedoch am 
ehesten, als wenn er dasselbe meinte wie ErNsT (1918): mit Apogamie 
die Bildung eines Gametophyten aus einer Archesporzelle oder deren 
Derivaten und die Bildung eines Sporophyten aus diesem Gametophyten, 
ohne dass Kernphasenwechsel oder Befruchtung erfolgt ist, und mit 
Aposporie den analogen Fall, wo der Gametophyt aus einer rein somati- 
schen Zelle hervorgegangen ist. Unter Agamospermie wird also, kurz 
gesagt, verstanden Reproduktion mittels Samen, obwohl keine Befruch- 
tung erfolgt ist. Der Nutzen eines solchen Kollektivausdrucks liegt offen 
zutage. Auch solche Falle, wo man nicht im Detail die Vorgange im 
ubrigen kennt, aber weiss, dass Reproduktion mittels Samen, obwohl 
ohne vorhergehende Befruchtung, geschieht, k6nnen auf diese Weise 
’ bezeichnet werden. Dass der Terminus wirklich n6tig ist, zeigt die 
historische Entwicklung der Bedeutung der Termini Apogamie und 
Apomixis. 

Zwei Typen von Apomixis kénnen also aufgestellt werden: Agamo- 
spermie und Reproduktion ohne Samen. 

Individuen, die sich durch Agamospermie reproduzieren, kénnen 
Agamospermen genannt werden. 

Die agamospermische Entwicklung tritt in ihrer einfachsten Form 
hervor, wenn Nucellarembryonie (embryonia estrasaccale; CHIARUGI) 
vorliegt. Hier entsteht direkt aus einer Sporophytenzelle, naher be- 
stimmt aus einer Nucellus- oder Integumentzelle (oder Plazentazelle? ), 
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ein Embryo, ein neuer Sporophyt. Nucellarembryonie ist nicht mit 
Generationswechsel verbunden. Alle anderen Fille von Agamospermie 
sind durch Generationswechsel — nicht aber Kernphasenwechsel — 
gekennzeichnet. Ein Terminus fiir diese Typen von Agamospermie 
fehlt. Das Bediirfnis nach einem solchen liegt jedoch vor. Agamogonie 
scheint mir geeignet. Zwar sind hier schon friiher Ausdriicke zur An- 
wendung gekommen, namlich Parthenogenesis, Apogamie und Apo- 
sporie. Wo dies geschehen ist, sind dieselben aber in fehlerhafter Weise 
verwendet worden (siehe unten). 

Individuen, die sich durch Agamogonie reproduzieren, kénnen als 
Agamogonen bezeichnet werden. 

Bei agamogonischer Entwicklung spielen sich zwei verschiedene 
Prozesse ab: Gametophytenbildung, die nicht mit Chromosomenzahl- 
reduktion verbunden ist, und Sporophytenbildung, die nicht mit Be- 
fruchtung verbunden ist. Jeder dieser beiden Prozesse kann auf ver- 
schiedene Weise vor sich gehen. Um hier Ordnung zu schaffen, ist es 
notwendig, bestimmte Termini zu gebrauchen. Solche sind auch vor- 
handen. Eine scharfe Angabe ihrer Bedeutung ist jedoch notwendig, 
da sie in verschiedenem Sinne angewandt worden sind. 

Fiir die zwei verschiedenen Weisen, auf welche Sporophyten- 
bildung ohne Befruchtung erfolgen kann, benutzte WINKLER die Ter- 
mini Parthenogenesis und Apogamie. Seine Definitionen sind oben 
referiert. Sein Terminus Apogamie ist aber von RENNER (1916) durch 
den neuen Ausdruck Apogametie ersetzt worden, den eine Reihe von 
Forschern akzeptiert haben (z. B. ROSENBERG, 1930; EDMAN, 1931), 
deshalb namlich, weil der Ausdruck Apogamie in so vielen verschiede- 
nen Bedeutungen gebraucht worden ist. Wenn die Zelle, die den Sporo- 
phyten liefert, die unreduzierte Chromosomenzahl besitzt, spricht man 
von somatischer, diploider (Diplo-) oder zygoider, wenn sie die redu- 
zierte Zahl hat, von generativer, haploider (Haplo-) oder azygoider 
Parthenogenesis bzw. Apogametie. 

Die spateren Prozesse bei agamogonischer Entwicklung erfolgen 
also durch (Diplo-) Parthenogenesis = Sporophytenbildung ohne Be- 
fruchtung aus einem (unreduzierten) Ei oder durch (Diplo-) Apoga- 
metie = Sporophytenbildung ohne Befruchtung aus einer (unreduzierten ) 
vegetativen Gametophytenczelle. 

Fiir die verschiedenen Weisen, auf welche die unreduzierten Ga- 
metophyten gebildet werden kénnen, fiihrte WINKLER keine Termini 


ein. Er schreibt nur (1908, S. 71): »Wir bezeichnen als somatische 


Parthenogenesis die ohne vorhergehende Befruchtung erfolgende Ent- 
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wicklung einer Eizelle zum Embryo, deren Kern von vornherein die 
diploide Chromosomenzahl fiihrt. Da nun die Eizelle des Gametophyten 
normalerweise einen haploidchromosomigen Kern besitzt, so ist es klar, 
dass auch die somatische Parthenogenesis wie die somatische Apogamie 
{= ’Apogametie’] mit einem Vorgang verbunden sein muss’, der den 
Kernen der Gametophytenzellen anstatt der fiir sie typischen haploiden 
die diploide Chromosomenzahl verleiht. Es sind zwei Modalitaten 
denkbar, durch die das erreicht werden kann — — —. Erstens kann 
sich die somatische Parthenogenesis mit Aposporie kombinieren’, d. h. 
also, es kann eine normale, also diploidchromosomige Sporophytenzelle 
unmittelbar zum Gametophyten auswachsen. Zweitens aber kann der 
Gametophyt auf dem gewéhnlichen Wege, also aus einer Spore hervor- 
gehen, wobei aber die sonst bei der Sporenbildung stattfindende Reduk- 
tionsteilung unterbleibt> ’. 

WINKLER versteht also unter Parthenogenesis und Apogamie 
[= Apogametie] bei agamogonischer Entwicklung nur die spatere 
Phase. Das geht deutlich aus dem obigen Zitat und aus seiner ganzen 
Arbeit hervor. GusTAFSSON (1935) schreibt jedoch: »In this work 
parthenogenesis is thus defined, in accordance with WINKLER and 
ROSENBERG, as the process by means of which an azygoid (haploid) or 
a zygoid (diploid) egg-cell is produced and then develops without any 
fusion of nuclei and cells». In den Begriff Eizellbildung schliesst 
GUSTAFSSON hier auch die Bildung des Gametophyten aus dem Sporo- 
phyten ein. Parthenogenesis ware demnach — eine Form der ganzen 
agamogonischen Entwicklung. Dass er das auch meint, geht aus den 
Darlegungen in seiner Abhandlung hervor. GUSTAFSSON lasst also den 
Terminus Parthenogenesis das bezeichnen, wofiir ERNsT (1918) prak- 
tisch den Ausdruck ovogene Apogamie verwendete (siehe oben). 
GUSTAFSSON hat offenbar an WINKLERs Gleichstellung von Sporophyten- 
reproduktion mit Bildung des Sporophyten aus einem Gametophyten 
Anstoss genommen. Er hat WINKLER eine andere Definition in den 
Mund gelegt. Sein Verfahren stellt zwar eine Lésung dar, es bringt 
aber gleichzeitig Kollisionen mit anderen Begriffen mit sich und ist in 
der praktischen Anwendung sehr unbequem. Die Erscheinung, die sich 
bei Ochna multiflora (FRANCINI, 1928) findet, Bildung unreduzierter 
Embryosacke, aber nicht Bildung von Embryonen aus diesen, wiirde 
bei dieser Terminologie als abgebrochene Parthenogenesis zu bezeich- 
nen sein. Nahezu unmdglich ist es, die Terminologie anzuwenden, 
wenn es sich um haploide Parthenogenesis handelt. 


1 Von mir kursiviert. 
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Dieselbe Schwierigkeit wie GUSTAFSSON hatte EDMAN (1931) friiher. 
Er wahlte den entgegengesetzten Weg, um iiber sie hinwegzukommen. 
Er wendet die Termini Parthenogenesis und Apogametie in ihrer ein- 
geschrankten Bedeutung an, den Terminus Apomixis aber als eine 
Kollektivbezeichnung fiir die beiden vorgenannten Vorginge (sehr 
logisch!), also fiir Sporophytenbildung, nicht fiir Reproduktion ohne 
Befruchtung. 

Bei der agamogonischen Antennaria alpina bezeichnet JUEL (1900) 
die Embryosackbildung als homolog mit Aposporie. Der Terminus ist 
frither vor allem inbezug auf Farne angewandt worden, wo Gameto- 
phyten direkt aus dem Soma des Sporophyten, ohne Reduktionsteilung, 
gebildet werden. WINKLER (1908) will offenbar den Terminus Apo- 
sporie inbezug auf die Angiospermen fiir den damals nur bei Hieracium 
von ROSENBERG (1907) angetroffenen Fall reservieren, wo ein Gameto- 
phyt sich direkt aus einer rein somatischen Zelle in der Samenanlage, 
also nicht aus einer E.M.Z. entwickelt. CHIARUGI (1926) verwendet den 
Ausdruck sowohl fiir den Fall, wo ein unreduzierter Embryosack aus 
einer Archesporzelle gebildet wird (»Aposporia goneale>» ), als auch fiir 
den Fall der Entstehung aus einer rein somatischen Zelle (»Aposporia 
somatica»), ein Verfahren, das ROSENBERGs (1930) Billigung findet. 
Wie dem nun auch sei, so muss doch der Terminus Aposporie fiir die 
friihere Phase der agamogonischen Entwicklung, fiir die Bildung des 
Gametophyten, reserviert bleiben. Hiergegen haben Ernst (1918) und 
GUSTAFSSON (1935) verstossen. Dass ERNSTs und GUSTAFSSONs Termi- 
nologien sehr unpraktisch und daher zu verwerfen sind, geht aus dem 
Resultat hervor, zu dem ERNST gelangt, wenn er wirklich die Begriffe 
zu definieren versucht (vgl. EDMAN, 1929). Man vergleiche ERNSTs 
Tabelle (1918, neben S. 596); dort steht als Unterrubrik zu »Fortpflan- 
zung und Vermehrung unter Ausschaltung des Befruchtungsprozesses> : 
» Apogamie = Bildung von Gametophyten und Keimen nach somatisch 
durchgefiihrter Teilung der Sporen-(Embryosack-)mutterzellen. Apo- 
sporie = Bildung von Gametophyten unter Umgehung der Sporenbil- 
dung. Fortpflanzung der Gametophyten durch ovogene oder somatische 
Apogamie». Das einzig Verniinftige ist, den Terminus Aposporie nur 
eine gewisse Form der Gametophytenbildung, bei Agamogonie nur der 
friiheren Phase in der Entwicklung bezeichnen zu lassen. Verfahrt man 
wie GUSTAFSSON und ERNST und geht man dann unbekiimmert seinen 
Weg weiter, so gelangt man zu Bezeichnungen und Satzen wie »par- 
thenogenetische Meiosis», »parthenogenetische Prophase» und als Ge- 
gensatz zu diesen »sexuelle Meiosis», »sexuelle Prophase» und ahnliche 
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Ausdriicke, die in GUSTAFSSONs Arbeiten (vgl. z. B. GUSTAFSSON, 1939 a) 
sehr haufig vorkommen. 

Fiir alle die Falle, wo ein Gametophyt ohne Reduktion der Chro- 
mosomenzahl gebildet wird, fiihrte RENNER (1916) den Terminus Apo- 
meiosis ein. 

Bei agamogonischer Entwicklung ist also Apomeiosis die erste 
Phase. Einen Fall von Apomeiosis stellt Aposporie dar, wie ist nun aber 
der letzte Terminus abzugrenzen? Es ist im vorstehenden gezeigt 
worden, dass die Meinungen in dieser Beziehung auseinandergehen. 
Alle, die unter Aposporie nur eine Form von Gametophytenbildung ver- 
stehen, sind sich jedoch dariiber einig, dass der Terminus fiir die Falle 
benutzt werden muss, wo man nicht von Sporen sprechen kann, d. h. 
wo der Embryosack und dessen Mutterzelle nur rein somatische Tei- 
lungen erfahrt. Die Entscheidung liegt also bei der Frage, wann eine 
Teilung als somatisch aufzufassen ist und wann nicht. Wir wissen 
nun, dass Zwischenformen sich finden. HOLMGREN (1919) wies darauf 
hin, dass bei agamogonischen Erigeron-Arten bei der Embryosackbil- 
dung eine Aquationsteilung durchgefiihrt wird, dass aber die Chromo- 
somen dann die kontrahierte Gestalt haben, die die Meiosis kennzeichnet 
— die pseudohomotypische Teilung (GusTaFsson), der Erigeron-Typ 
(BERGMAN). Diese Teilung, zu deren Kenntnis GUSTAFSSON fleissig bei- 
getragen hat, muss meines Erachtens als eine Zwischenform zwischen 
Meiosis und Mitose betrachtet werden. Wenigstens waihrend der Pollen- 
bildung werden bei Wikstroemia (FAGERLIND, 1940) Zwischenformen 
beobachtet zwischen diesem Teilungstyp und einem Teilungstyp, der 
jedenfalls dem Aussern nach identisch mit einer Mitose ist — vgl. auch 
verschiedene Hieracium-Arten (ROSENBERG, 1927; GENTSCHEFF, 1937). 
Als solche stark (vollstandig?) nach dem mitotischen Stadium hin ver- 
schobene Zwischentypen sind sicher die E.M.Z.-Teilungen aufzufassen, 
die von GUSTAFSSON als Hieracium-Typ und von BERGMAN als Eupato- 
rium-Typ bezeichnet worden sind. Eine Reihe Zwischenformen finden 
sich wahrscheinlich auch zwischen der pseudohomotypischen Teilung 
und der stark asyndetischen Meiosis, die wenigstens wahrend der Pollen- 
bildung bei vielen Agamogonen gewohnlich ist (vgl. z. B. Wikstroemia; 
FAGERLIND, 1940). Schon diese Asyndese ist meines Erachtens als ein 
Schritt auf dem Wege zur Somatisierung der Teilung aufzufassen (vgl. 
FAGERLIND, 1940). Die Teilung, die zur Bildung eines Embryosacks 
bei den Agamogonen ftihrt, kann demnach verschiedene Lagen auf einer 
von 0 % bis zu 100 % laufenden Skala einnehmen, auf der der 0-Punkt 
eine reine Meiosis und der 100-Punkt eine reine Mitose bezeichnet. 
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Wenn die Teilung rein somatisch ist, kann man nicht von dem Vor- 
kommen von Sporen sprechen. Hier ist der Terminus Aposporie zur 
Bezeichnung der Gametophytenbildung berechtigt. Dieser Fall ist ver- 
wirklicht, wenn der Gametophyt aus einer rein somatischen Zelle her- 
vorgegangen ist — Aposporia somatica (CHIARUGI, 1926) — und wenn 
die Archesporzelle eine rein somatische Teilung durchgemacht hat. 
Fiir den letzteren Fall ist CHIARUGIs Terminus Aposporia goneale zu 
reservieren. Die beiden Ausdriicke sind von ROSENBERG (1930) mit 
somatische bzw. generative Aposporie iibersetzt worden. Die somati- 
sche und die generative Aposporie gehen ohne Grenze ineinander in den 
Fallen iiber, wo man nicht entscheiden kann, ob eine Zelle als Arche- 
sporzelle oder als somatische Zelle aufzufassen ist (besonders ist dies 
schwierig in den peripheren Teilen eines mehrzelligen Archespors). Bei 
gewissen Arten der Gattungen Elatostema und Pellionia (eigene unver- 
6ffentlichte Studien) lasst sich ebenfalls eine distinkte Grenze nicht 
ziehen. Hier ist namlich eine Archesporzelle oft tiberhaupt nicht aus- 
differenziert. Eine einzige somatische Zelle im Nucellus wachst zu 
einem Embryosack aus, sie kann ja als homolog mit einer Archespor- 
zelle betrachtet werden. Bei anderen Arten ist die Archesporzelle mehr 
oder weniger differenziert, sie entwickelt sich zu einem reduzierten oder 
unreduzierten Embryosack, oder sie degeneriert, wobei Embryosacke 
von rein somatischen Zellen gebildet werden. 

EDMAN (1931) vermutet, dass, wenn ein unreduzierter Embryosack 
aus einer E.M.Z. oder aus einer Dyadenzelle gebildet wird, die Gameto- 
phyteninitiale stets als eine unreduzierte Spore aufzufassen sei. Wenn Re- 
stitutionskerne bei der Pollenbildung die Bildung von unreduzierten Pol- 
len verursacht haben, spricht man fortgesetzt von Sporen. Dann miisse 
man auch von Sporen sprechen, wenn unreduzierte Derivate durch die 
Teilung des E.M.Z.-Kerns erhalten werden, meint er. Fiir den Fall: 
Gametophytenbildung aus einer E.M.Z. durch eine Teilung, die nicht 
Reduktion der Chromosomenzahl bewirkt, fiihrt EDMAN den Terminus 
Diplosporie ein. Er bemerkt zu diesem Ausdruck, dass er eine Ver- 
bindung der Wéorter »diploide Spore» darstellt. Der Terminus ist gut. 
Er ist aber — meine ich — nur fiir den Fall zu gebrauchen, wo die 
Teilung der E.M.Z. eine wirkliche Meiosis ist und die Chromosomenzahl 
also durch Restitutionskernbildung bewahrt ist. Ich definiere also 
Diplosporie etwas anders als EDMAN (siehe unten). 

Die Frage ist nun die: Gibt es ttberhaupt — unter Beriicksichtigung 
der oben aufgestellten Forderungen — generative Aposporie und 
Diplosporie? Aus den obigen Darlegungen ist es klar, dass diese Ter- 
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mini fir zwei extreme Erscheinungen angewandt werden miissen, die 
durch eine ganze Kette von intermediaren Typen verbunden sind. 
Theoretisch ist es also unméglich, eine Einteilung vorzunehmen. Ich 
schlage daher einen Kompromiss dem Nachstehenden gemiss vor: 

Aposporie = Bildung eines unreduzierten Gametophyten aus einer 
Zelle, die eine relativ stark mitotisch betonte Teilung erfdhrt. 

Diplosporie = Bildung eines unreduzierten Gametophyten aus einer 
Archesporzelle, die eine Teilung von relativ stark meiotischem Charak- 
ter erfadhrt, welche zur Bildung eines Restitutionskerns fiihrt. 

Zwischen diesen beiden Typen gibt es nun intermedidre Fdlle. Ein 
markanter Fall dieser Art ist es, wenn die Teilung der E.M.Z. pseudo- 
homotypisch gewesen ist. Fiir diesen Fall schlage ich den Terminus 
Semiaposporie vor. Die drei Falle Aposporie, Semiaposporie und Diplo- 
sporie gehen ohne Grenze ineinander iiber, wie es auch die drei Teilungs- 
typen Mitose, pseudohomotypische Teilung und Meiosis tun. 

Hiermit ist der erste Teil der terminologischen Diskussion abge- 
schlossen. Das Resultat ist eine Terminologie, die meines Erachtens 
den Anforderungen an Logik geniigt, und mit der sich praktisch ar- 
beiten lasst. Sie wird durch Tabelle 1 veranschaulicht. Die gestrichel- 
ten Grenzen geben an, dass die Abgrenzung diffus ist, dass Zwischen- 
typen méglicherweise vorhanden sind. Die Verlangerung gewisser Kolum- 
nen iiber die eigentliche Tabelle hinaus gibt Falle an, die weder als Agamo- 
spermie noch als das Gegenteil davon — Gamospermie — bezeichnet 
werden kénnen. Diese Zwischenformen betreffen die Falle, in denen ein 
unreduzierter Embryosack befruchtet wird, oder in denen ein reduzier- 
ter Embryosack einen Sporophyten ohne Befruchtung entwickelt. Ter- 
mini, die den Entwicklungszyklus hier bezeichnen, sind kaum vonnoten. 

In der Tabelle und im Text sind auch fiir die Agamogonen die 
Termini Sporophyt und Gametophyt verwendet worden. Mdglicher- 
weise kann; da Sporen hier nicht immer gebildet werden, die Richtig- 
keit des Verfahrens diskutabel erscheinen. 

Diejenigen Falle bei den Agamogonen, wo der Gametophyt aus 
einer Archesporzelle hervorgeht, sind friiher in folgender Weise ein- 
geteilt worden: Antennaria-Typ — die E.M.Z. entwickelt sich direkt 
zum Embryosack, Tararacum-Typ — die E.M.Z. wird zu einer Zellen- 
dyade, der Gametophyt entsteht aus einer der Tochterzellen, Alchemilla- 
Typ — die E.M.Z. wird zu einer Zellentetrade, der Gametophyt entsteht 
aus einer der Tochterzellen (vgl. ROSENBERG, 1930). Der Alchemilla- 
Typ ist indessen auf Grund falscher Schliisse aufgestellt worden, er ist 
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also zu streichen (vgl. ROSENBERG, 1930; GUSTAFSSON, 1935; LILJEFORS, 
1934 und dort angefiihrte Literatur). 

Dass die Verschiedenheit der Chromosomenform bei den Aqua- 
tionsteilungen, die wahrend der semiaposporischen und der apospori- 
schen Entwicklung stattfinden, als Einteilungsgrund verwendet werden 
muss, wird von BERGMAN wie auch von GUSTAFSSON betont. BERGMAN 
nennt den letzteren Entwicklungstyp Eupatorium-Typ, GUSTAFSSON 
Hieracium-Typ. Beide Autoren erklaren, dass eine Einteilung, die 
davon ausgeht, ob die E.M.Z. zwei Tochterzellen gebildet hat oder aber 
ungeteilt geblieben ist, weniger berechtigt ist als eine Einteilung nach 
dem Kernteilungstyp. Dieser Ansicht muss man beistimmen. Es han- 
delt sich ja um etwas so Wesentliches wie die Teilung selbst, die zur 
Gametophytenbildung fiihrt. Die andere Einteilung griindet sich auf 
das Resultat der Teilung. Der erstere Einteilungstyp ist daher bei dem 
Schema in Tabelle 1 zur Verwendung gekommen. Was ich dort gene- 
rative Aposporie nenne, ist also identisch mit BERGMANs Eupatorium- 
und GusTAFssoNns Hieracium-Typ. 

Es fragt sich nun: Stehen Diplosporie, Semiaposporie und genera- 
tive Aposporie irgendwie in Zusammenhang mit Taraxacum-Typ und 
Antennaria-Typ? Bei den Gamospermen gibt es drei verschiedene 
Typen hinsichtlich der Derivate des E.M.Z.-Kerns: den Normaltyp — 
die vier Sporenkerne sind durch Wande geschieden; den bisporischen 
Typ — nur eine Wand ist vorhanden, 2 Sporenkerne sind im Embryo- 
sack enthalten; den tetrasporischen Typ — Wande werden tiberhaupt 
nicht gebildet, 4 Sporenkerne sind im Embryosack enthalten (iiber diese 
Typen siehe des naheren FAGERLIND, 1937—1939c, und dort ange- 
fiihrte Literatur). Besteht ein Zusammenhang zwischen diesen Typen 
und dem Taraxacum- bzw. Antennaria-Typ? 

GUSTAFSSON (1935) versuchte die beiden Fragen zu beantworten. 
Sein Resultat war: »By means of this classification it has been shown 
that the division into Antennaria, Taraxacum and Alchemilla schemes 
does not correspond to or is even analogous with the division into 
Lilium, Scilla and Normal types for sexual plants, that the wall form- 
ation on which this division is based does not correspond to the method 
of division in the E.M.C. — — —». Es besteht indessen sicher ein ge- 
wisser Zusammenhang, was sich klar ergibt, wenn man die Verhaltnisse 
naher betrachtet, die in der nachstehenden Tabelle 2 uns entgegentreten. 

In die Tabelle sind nur Falle aufgenommen worden, die als ziem- 
lich sicher angesehen werden kénnen. Auch die unsicheren Faille in 
die Diskussion einzubeziehen, ware zwecklos. Die Angaben (sie stehen 
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im grossen ganzen in Ubereinstimmung mit GUSTAFSSONs Zusammen- 
stellung) sind teils dem Text der Originalarbeiten, teils den Illustrationen 
derselben entnommen, teils sind sie Resultate eigener unver6ffentlichter 
Studien (Elatostema und Pellionia). 

GUSTAFSSON wies darauf hin, dass, wenn die Teilung stark somati- 
schen Charakter gehabt hat, stets Antennaria-Typ die Folge ist. Dies er- 
gibt sich auch aus der Sektion I in meiner Tabelle, wenn man von den 
Variationen absieht. Aus der Sektion II geht hervor, dass, wenn Resti- 
tutionskerne oder pseudohomotypische Teilung zur Entstehung des 
unreduzierten Gametophyten geftihrt haben, zumeist Taraxacum-Typ 
die Folge ist. Dagegen, dass dies eine generelle Regel ist, spricht die 
Sektion III der Tabelle. 

Diese dritte Sektion enthalt Falle, wo der Teilungstyp derselbe wie 
in Sektion II, das Resultat aber dasselbe wie in Sektion I gewesen ist. 
Die Erklarung liegt sehr nahe. Unter diesen Fallen befindet sich 
Erigeron Karwinskianus vy. mucronatus. Bei dieser Art liegt Variation 
vor, reduzierte Embryosacke kénnen gebildet werden (CARANO, 1919, 
1921; vgl. FAGERLIND, 1939 b). Diese Embryosiacke sind von tetraspori- 
schem Typ. Wenn eine solche Pflanze unreduzierte Embryosacke aus- 
bildet, muss das Resultat unabhangig von dem Charakter der Teilung 
Antennaria-Typ sein. Innerhalb der Gattung Erigeron sind Arten, die 
dem bi- und tetrasporischen Typ folgen, gew6hnlich. Dass E. annuus 
und ramosus dem Antennaria-Typ folgen, obwohl ihre Teilung nicht 
als starker somatisiert bezeichnet werden kann, kann da nicht weiter 
erstaunlich erscheinen. TAHARA (1921) zeigt, dass bei E. annuus tem- 
porare Zellplattenbildung zwischen den Tochterkernen stattfindet. Es 
ist dies ein Zug, der oft fiir tetrasporische Embryosacke charakteristisch 
ist. (Temporare Zellplatten kénnen jedoch auch wahrend Teilungen 
im Embryosack vorhanden sein!) IJxeris dentata verhalt sich wohl auf 
dieselbe Weise, die temporare Membranbildung ist auch hier beobachtet 
worden. Die Gametophytogenese normaler [zeris-Arten ist nicht be- 
kannt. Die nachsten Verwandten, die Lactuca-Arten, zeigen Normaltyp. 
Da das Vorliegen bald von Normal-, bald von tetrasporischem oder bi- 
sporischem Typ bei einander sehr nahestehenden Arten nicht unge- 
wohnlich ist (vgl. FAGERLIND, 1938), braucht der Ixeris-Fall nicht als 
gegen meine Schlussfolgerung sprechend angesehen zu werden. 

Die Falle in der dritten Sektion der Tabelle wiirden also dem 
Antennaria-Schema folgen, obwohl die erste Teilung der E.M.Z. nicht 
somatisch gewesen ist, da ihre Entwicklung auf eine Weise geschehen 
ist analog derjenigen der bi- oder tetrasporischen und nicht der mono- 
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sporischen Schemata. Bei den Amphimikten erfolgt in der Regel (nicht 
immer!) Vakuolenbildung und kraftiges Wachstum des Gametophyten 
erst, nachdem vier Sporenkerne gebildet worden sind, gleichgiiltig wel- 
cher Entwicklungsmodus vorgelegen hat (vgl. FAGERLIND, 1937—1939). 
In den FAllen, die in der ersten Sektion der Tabelle 2 aufgefiihrt sind — 
Falle mit generativer Aposporie — geschieht Vakuolenbildung schon in 
der E.M.Z. vor der somatischen Teilung, in den Fallen der zweiten 
Sektion — Falle mit Semiaposporie — erst in der Dyadenzelle, also 
nach der ersten Teilung, aber vor der ersten somatischen Teilung. In 
diesen simtlichen Fallen konnte die Entwicklung als analog dem Nor- 
maltyp verlaufend angesehen werden. Besadssen dieselben Regeln Gel- 
tung, wenn die Entwicklung analog den bi- und den tetrasporischen 
Schemata verlauft, so ware der Zeitpunkt der Bildung der Vakuolen- 
bildung von entscheidender Bedeutung fiir die Beurteilung der drei 
Falle in der dritten Sektion der Tabelle 2. Die drei Sektionen in 
Tabelle 3 zeigen, wie die Entwicklungsphasen aufeinander folgen 
miissen, wenn »Sporie», Diplosporie, Semiaposporie und Aposporie vor- 
liegen und die Entwicklung analog den monosporischen (Sektion I), 
den bisporischen (Sektion II) und den tetrasporischen Schemata (Sek- 
tion III) verlauft. 

Wenn die drei Fille in der dritten Sektion der Tabelle 2 so zu 
erklaren sind, wie ich oben geltend gemacht habe, miissen sie FAlle 
vom Antennaria-Typ reprasentieren, wo die Vakuolenbildung erst ein- 
tritt, wenn zwei Kerne in der »E.M.Z.» vorhanden sind. Sowohl TAHARA 
als auch HOLMGREN sagen es im Text und zeigen es durch Abbildungen, 
dass die Phase der grossen Volumzunahme und die Vakuolenbildung 
bei Erigeron annuus bzw. ramosus erst eintreten, nachdem zwei Kerne 
gebildet worden sind. Fiir Ixeris geht dasselbe aus OKABEs IIlustratio- 
nen hervor. CARANO gibt einige Bilder von Erigeron Karwinskianus, 
die ebenfalls in guter Ubereinstimmung mit dem zu Erwartenden ste- 
hen. Die komplizierten Verhaltnisse hier machen indessen den Fall ein 
wenig unsicher, aber eben hier liegt ja ein vollgiltiger Beweis dafiir 
vor, dass die Entwicklung analog den tetrasporischen Schemata erfolgt. 
Die Richtigkeit meiner Ansicht von dem Zusammenhang zwischen Tara- 
xacum-Typ und Antennaria-Typ einerseits und Diplosporie und Semi- 
aposporie bzw. Aposporie andererseits ist somit einwandfrei erwiesen. 

Aus Tabelle 2 ist ersichtlich, dass eine ganze Reihe Variationen bei 
ein und demselben Fall vorkommen. In mehreren der Variationen tritt 
dieselbe Ubereinstimmung zutage, auf die ich soeben hingewiesen habe. 
Es lasst sich demnach der Schluss ziehen: Jn den meisten Fallen ist das 
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Vorliegen des Antennaria-Typs ein Kriterium dafiir, dass die Teilung 
stark somatisiert gewesen ist — Aposporie, des Taraxacum-Typs dafiir, 
dass die Teilung weniger stark somatisiert — Semiaposporie, oder nur 
unbedeutend somatisiert gewesen ist — Diplosporie. Die Fdlle, wo dies 
nicht stimmt, sind dadurch bedingt, dass die Gametophytogenese gleich- 
zeitig einem Typ folgt, der dem Normaltyp nicht homolog ist. 

Gleichwie die Chromosomenform und die Bindung (vgl. FAGER- 
LIND, 1940) als von dem Somatisierungsgrad der Teilung abhangig 
angesehen werden kénnen, so ist also auch die Wandbildung abhangig 
von demselben. Sind die Ansichten richtig, so miissen in Sektion II 
und III (Tabelle 2) Variationen, die auf starkere meiotische Tendenz 
deuten, gewohnlicher sein als in Sektion I. Um diese Frage zu ent- 
scheiden, bedarf es eingehenderer Untersuchungen, als sie bisher vor- 
liegen. Ein Blick auf die Tabelle lehrt indessen, dass die Tendenz die 
oben vermutete ist. 

Die Tabelle zeigt, dass die meisten der Agamogonen nicht an einen 
bestimmten Gametophytogenese-Typ gebunden sind. Variationen kom- 
men vor. Die einzelnen Falle unterscheiden sich offenbar hauptsach- 
lich voneinander durch die verschiedene Lage, die der Maximumpunkt 
auf der Variationskurve einnimmt. Bei Elatostema und Pellionia spp., 
die ich eingehend untersucht habe (Resultate noch nicht verdéffent- 
licht), ist das Maximum deutlich weit nach der somatischen Seite hin 
verschoben. Eine Variation gibt sich daher beim Studium dieser Arten 
iiberhaupt nicht zu erkennen — wenigstens nicht, solange nicht ein 
enorm grosses Material untersucht worden ist. Hierfiir spricht auch, 
dass bei nahestehenden Arten eine E.M.Z. oft nicht ausdifferenziert ist 
(hier hat die Somatisierung ihr Maximum erreicht). Die Angabe, dass 
bei Elatostema acuminata Variation vorkommt (TREUB, 1906; STRAS- 
BURGER, 1910), beruht auf einem Irrtum. Dass dort viele Embryosack- 
initialen vorhanden sind, erklart sich daraus, dass somatische Aposporie 
vorliegt (unveréffentlichte eigene Studien). Bei Antennaria und Hiera- 
cium ist das Maximum mehr nach der meiotischen Seite hin verschoben 
— die Variation wird reicher. Wenn schliesslich die Verschiebung in 
dieser Richtung weiter geht, miissen die Variationen wieder beginnen 
seltener zu werden. Einen solchen Fall bildet méglicherweise Balano- 


phora japonica. 


Nachdem die obige Arbeit niedergeschrieben war, hat GUSTAFSSON 
(1939 b) eine neue Abhandlung ver6ffentlicht, in der die von mir er- 
érterten Terminologiefragen Gegenstand der Behandlung gewesen sind. 
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GUSTAFSSON verwendet hier eine Terminologie, die teilweise von der 
friiher von ihm benutzten abweicht. Sie weist einige Ahnlichkeiten 
mit der von mir vorgeschlagenen auf. 


ZUSAMMENFASSUNG. 


1. Unter Apomixis (WINKLER, 1908) versteht man Reproduktion, 
ohne dass Befruchtung und Kernphasenwechsel erfolgt sind. 

2. Unter Agamospermie (TACKHOLM, 1922) versteht man Repro- 
duktion mittelst Samen, ohne dass Befruchtung und Kernphasenwech- 
sel erfolgt sind. 

3. Fir den Spezialfall von Agamospermie, wo die Reproduktion 
des Sporophyten iiber einen unreduzierten Gametophyten hin geschieht, 
wird der Terminus Agamogonie eingefiihrt. 

4. Unter Parthenogenesis versteht man die Entwicklung der Ei- 
zelle zu einem neuen Individuum, ohne dass Befruchtung erfolgt ist, 
demnach nicht die ganze Entwicklungsreihe: Bildung eines unreduzier- 
ten Gametophyten aus einer Archesporzelle, Entwicklung des Gameto- 
phyten, Eizellbildung und weitere Entwicklung der Eizelle ohne Be- 
fruchtung. 

5. Unter Apomeiosis (RENNER, 1916) versteht man die Bildung 
eines Gametophyten, ohne dass eine Reduktion der Chromosomenzahl 
stattgefunden hat. 

6. Unter Diplosporie versteht man den Spezialfall der Apomeiosis, 
wo die erste Teilung der Initialzelle zur Entstehung unreduzierter Deri- 
vate gefiihrt hat, die als Sporen angesehen werden kénnen. Aus prak- 
tischen Griinden muss diese Forderung als erfiillt angesehen werden, 
wenn die erste Teilung stark meiotischen Charakters ist. 

7. Unter Aposporie versteht man den Spezialfall von apomeioti- 
scher Makrogametophytenbildung, wo die erste Teilung der Mutterzelle 
stark mitotischen Charakters ist. Ist die Mutterzelle eine Archespor- 
zelle, so ist die Aposporie generativ; ist sie eine rein somatische Zelle, 
so ist die Aposporie somatisch. Die beiden Fille generative und somati- 
sche Aposporie gehen ohne Grenze ineinander tier. 

8. Fiir den Fall apomeiotischer Makrogametophytenbildung, wo 
die erste Teilung der Mutterzelle ein Mittelding zwischen meiotischer 
und mitotischer Teilung darstellt, wird der Terminus Semiaposporie 
eingefihrt. 

9. Die Erscheinungen Diplosporie, Semiaposporie und Aposporie 
gehen ohne Grenze ineinander iiber, eine ganze Kette von Zwischenfor- 
men sind vielleicht vorhanden. 








20 FOLKE FAGERLIND 





10. Diejenigen Falle, wo bei apomeiotischer Makrogametophyten- 
bildung die erste Teilung der Mutterzelle als eine mehr oder weniger 
asyndetische Meiosis, begleitet von Restitutionskernbildung, zu betrach- 
ten ist, werden aus praktischen Griinden als Diplosporie auch dann 
rubriziert, wenn die Asyndese als Kriterium beginnender Somatisierung 
anzusehen ist. 

11. Wenn bei apomeiotischer Makrogametophytenbildung die 
erste Teilung der Mutterzelle eine pseudohomotypische Teilung ist, liegt 
Semiaposporie vor, da dieser Teilungstyp als eine Zwischenform von 
Meiosis und Mitose betrachtet wird. 

12. Wenn bei apomeiotischer Makrogametophytenbildung die 
Mutterzelle eine Archesporzelle ist und bei ihrer ersten Teilung die 
Chromosomen hochgradig somatische Form aufweisen (Eupatorium- 
Typ, Hieracium-Typ), liegt generative Aposporie vor. 

13. Wenn generative Aposporie vorliegt, folgt die Embryosackent- 
wicklung stets dem Antennaria-Typ. 

14. Wenn Diplosporie oder Semiaposporie vorliegt, folgt die Em- 
bryosackentwicklung, sofern sie auf eine dem Normaltyp homologe 
Weise geschieht, stets dem Taraxacum-Typ. 

15. Wenn Diplosporie oder Semiaposporie vorliegt, folgt die Em- 
bryosackentwicklung, sofern sie auf eine dem bisporischen oder dem 
tetrasporischen Typ homologe Weise geschieht, stets dem Anten- 
naria-Typ. 


Botanisches Institut der Universitat Stockholm, im Juli 1939. 
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EINLEITUNG. 


AHREND seines Aufenthalts im Botanischen Garten zu Buiten- 
zorg auf Java fiel es HANS WINKLER (1904, 1906) auf, dass dort 
kultivierte Individuen von Wikstroemia indica trotz abnormen, in hohem 
Grade. abortiven Pollens Friichte und Samen bildeten, die, wie es sich 
zeigte, auch Embryonen enthielten. Er vermutete, dass es sich um 
einen Fall von apomiktischer Samenbildung handelte, was ihm auch 
durch Kastrierversuche v6éllig bindend zu beweisen gelang. Bei der 
Pflanze kam es nur zur Bildung weniger Samen. Diese wurden in der 
Regel nur von den mehr basalen Bliiten der Bliitenstande erzeugt. 
Wenn in einem Bliitenstand alle Bliiten mit Ausnahme einiger basalen 
friihzeitig beseitigt wurden, erhielt man unter im tibrigen normalen 
Verhiltnissen eine Frucht- und Embryobildung von 39,1 %, was be- 
deutend mehr ist, als wenn die erwahnte Operation nicht vorgenommen 
worden ware. In auf dieselbe Weise behandelten Bliitenstanden, wo 
aber die Bliiten ausserdem kastriert worden waren — WINKLER 
begniigte sich nicht damit, die Staubgefasse zu entfernen, er schnitt 
auch die Narben weg — war die Frucht- und Embryobildung 34,7 %. 
Die Differenz zwischen diesem Resultat und dem vorigen war also ver- 
haltnismassig unbedeutend und diirfte wohl dem gewaltsamen Eingriff 
in die Bliite zuzuschreiben sein, den die Kastrierung darstellte. In 
P.M.Z. bestimmte WINKLER die Chromosomenzahl zu n= 26. Der 
Embryosack war seiner Meinung nach direkt aus der E.M.Z. gebildet. 
Eine Synapsis im Kern der letzteren wurde nie beobachtet. Er zeigte, 
dass der Embryo sich aus der Ejizelle entwickelte. Einen Fall von 
Nucellarembryonie glaubte er gefunden zu haben (Fig. 31 in WINKLERs 
Arbeit). 

Eine erneute Untersuchung von Wikstroemia indica — offenbar 
von demselben Klon, mit dem WINKLER gearbeitet hatte — wurde von 
STRASBURGER (1909) ausgefiihrt, dem es gelang, WINKLERs Schilderung 
in einigen Punkten zu erginzen. Die E.M.Z. teilte sich zuerst in zwei 
Zellen, von denen eine den Embryosack bildete. »Eine feste Scheide- 
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wand wird zwischen den beiden Zellen nicht ausgebildet, sie erscheinen 
vielmehr nur durch einen hellen Zwischenraim voneinander getrennt 
(Fig. 43, 44, 45, Taf. II), so dass leicht bei geneigter Lage dieser Tren- 
nungsflache die Vorstellung eines einzigen, zweikernigen Protoplasten 
hervorgerufen werden kann». Triaden und Tetraden wurden in einigen 
wenigen Fallen von STRASBURGER beobachtet. Das Vorkommen von 
Dyaden war von WINKLER nicht iibersehen worden, er hielt sie jedoch 
fiir Ausnahmeerscheinungen. STRASBURGER verwendete viel Arbeit auf 
den Versuch, zur Klarheit iiber die Prozesse zu kommen, die wahrend 
der ersten Teilung in der E.M.Z. stattfanden. Synapsis und Diakinese 
kamen nie vor. In einigen Fallen (einem Falle?) zeigte die E.M.Z. in 
Prophase Chromosomen somatischen Aussehens (Fig. 38 b bei STRAS- 
BURGER). Wahrend der Meta- und der Anaphase traten Chromosomen 
in einer Anzahl auf, die sich dem Wert 26 naherte. Sie hatten ein Aus- 
sehen, das mit dem fiir Meiosis gew6hnlichen iibereinstimmte. Trotz- 
dem meinte STRASBURGER, dass die Teilung hier eine Aquationsteilung 
sei. In einer spateren Arbeit findet STRASBURGER (1910) eine variierende 
Anzahl somatischer Chromosomen (22—29). Seiner Ansicht nach stellt 
hier in den meisten Fallen jedes somatische Chromosom in Wirklichkeit 
zwei dar, die sich nicht voneinander geschieden haben. Den von 
WINELER vermeintlich beobachteten Fall von Nucellarembryonie will 
er nicht anerkennen. Einige nahverwandte Arten wurden als Vergleichs- 
objekte untersucht. Daphne Mezereum, D. alpina, Wikstroemia ca- 
nescens und Gnidia carinata hatten alle n=9 (STRASBURGER, 1909, 1910). 
Nichts wurde beobachtet, was auf anormale Reproduktion oder Gameto- 
phytenbildung bei diesen deutete. 

Um Wikstroemia einer erneuten Untersuchung zu _ unterziehen, 
sammelte ich wahrend eines Aufenthalts in Buitenzorg ein reichliches 
Material von Wikstroemia indica ein, die subspontan in grosser Menge 
dicht vor dem Garten vorkommt. Dieser Bestand stellt laut Angabe 
seitens der Gartenleitung und auch im Herbarium in Buitenzorg die 
Nachkommenschaft der nun ausgestorbenen, friiher im Garten kulti- 
vierten Individuen dar, eben der Individuen, die von WINKLER und 
STRASBURGER studiert worden sind. Es kann also als sicher .angesehen 
werden, dass mein Material und das »klassische» von ein und dem- 
selben Klon herstammen. Die urspriinglichen Individuen sind laut An- 
gabe urspriinglich dem Garten in Buitenzorg von dem Botanischen 
Garten in Calcutta iiberwiesen worden. STRASBURGER (1909, S. 87) ver- 
folgte ihre Herkunft weiter bis nach Srirampur in Bengalen. Wikstroe- 
mia indica ist eine polymorphe Art (STRASBURGER, GILG — vgl. STRAS- 
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BURGER, 1909, S. 85 und beispielsweise KOORDERS, 1911). Die in Buiten- 
zorg wachsende gehért dem Formenkreis viridiflora MEISSN. an. 

Wiahrend seines letzten Besuchs auf Hawaii fixierte Professor CARL 
SKOTTSBERG Exemplare einiger Wikstroemia-Arten, die er Professor 
OTTO ROSENBERG iiberliess. Als letzterer erfuhr, dass ich mit einer 
Untersuchung von Wikstroemia indica beschaftigt sei, hatte er die 
Freundlichkeit, das SKOTTSBERGsche Material mir zur Verfiigung zu 
stellen. Die Uberweisung dieses Materials, durch das ein sehr erwiinsch- 
tes Vergleichsmaterial erhalten wurde, ist von grosser Bedeutung fiir 
meine Arbeit gewesen. 

Samtliche Fixierungen waren mit »Karpechenko» geschehen, even- 
tuell mit Vorfixierung in Carnoy oder abs. Alkohol. Von den indica- 
Fixierungen erwiesen sich leider mehrere als véllig unbrauchbar. Ein 
geringerer Teil war dagegen in sehr gutem Zustand. Das Material ge- 
niigte zur Lésung einer Reihe von Fragen. 

Unten wird die von mir (FAGERLIND, 1940) vorgeschlagene Ter- 
minologie benutzt. 


DIE SPOROGENESE BEI AMPHIMIKTISCHEN 
WIKSTROEMIA-ARTEN. 


Das hawaiische Material bestand aus fiinf verschiedenen Arten: 
W. phillyraefolia A. GRAY, pulcherrima SKOTTSB., Nr. 2726 (steht nach 
SKOTTSBERG W. furcata (HBD.) nahe), Nr. 2737 (ist nach SKOTTSBERG 
wahrscheinlich W. uva ursi A. GRAY) und 16/8—38 (nach SKOTTSBERG 
eine vielleicht endemische Art von der Insel Kauai). Alle diese Arten 
erwiesen sich als diézisch. Mannliche Bliiten waren erhalten worden 
von 2737, 16/8—38 und pulcherrima, weibliche Bliiten von phillyrae- 
folia, 2726 und pulcherrima. 

Auch in den weiblichen Bliiten werden Staubgefisse ausgebildet, 
in denen P.M.Z. sich herausdifferenzieren. Die letzteren machen eine 
normale Meiosis durch. Bevor die Tetraden sich aufgelést haben, de- 
generiert indessen die ganze »Tetradenmasse». Die Meiosis in den 
P.M.Z. verlief normal bei simtlichen Arten des hawaiischen Materials. 
Bei 2726 und 2737 hat die Chromosomenzahl zu n= 9 bestimmt wer- 
den kénnen. Die anderen drei Arten sind wohl auch diploid (n = 9?), 
die Zahl in somatischen Zellen, die in Teilung begriffen waren, konnte 
bei ihnen allen als etwa 18 bestimmt werden. Die Pollenbildung folgt 
dem simultanen Schema. Eine temporiare Zellplatte fand sich jedoch 
stets gleich nach dem Abschluss der ersten Teilung. Pollenkérner mit 
zwei und altere mit drei Kernen sind beobachtet worden. 
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In den weiblichen Bliiten waren Stempel und Samenanlagen in der 
Weise aufgebaut, wie WINKLER und STRASBURGER es geschildert haben. 
Das primare Archespor bildet Deckzelle und E.M.Z. Die erstere sowie 
die Nucellusepidermis teilen sich, wodurch die Nucellusmasse zunimmt. 
Die E.M.Z. ist in der Regel in Einzahl vorhanden, vereinzelt kénnen 
zwei solche beobachtet werden (Fig. 6—7). E.M.Z. mit dem Kern in 
Synapsis werden oft angetroffen. Das Resultat der Meiosis ist eine 
Zellentetrade, oft ausgebildet zu einer T-Tetrade (Fig. 8). Die Basal- 
zelle bildet in der Regel den Embryosack (Fig. 9). In dem reifen 


™ 
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Fig. 1—4. Rudimentare Stempel von mannlichen Bliiten verschiedener amphimikti- 
scher Wikstroemia-Arten. — Fig. 5. Normaler Stempel bei Wikstroemia viridiflora. 





8-kernigen Embryosack degenerieren bald die kleinen Antipoden. Die 
Polkerne verschmelzen nahe der Basis des Embryosacks. Eine Synergide 
wird oft in degenerativem Zustand beobachtet, eine Erscheinung, der 
man ja stets begegnet, gleich nachdem der Pollenschlauch eingedrungen 
ist. Die hawaiischen Wikstroemia-Arten, von denen weibliche Bliiten 
mir zur Verfiigung gestanden haben, sind demnach sicher Amphi- 
mikten. 

Wie die weiblichen Bliiten Staubgefasse enthalten, in denen doch 
keine funktionierenden Sporen gebildet werden, so enthalten die mann- 
lichen Bliiten mehr oder minder abnorme Stempel. Diese sind bei 
phillyraefolia sehr reduziert (Fig. 1). Bei 16/8—38 sind sie dusserlich 
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ziemlich normal entwickelt (Fig. 4). Die Samenanlage ist jedoch nur 
mit einem Integument versehen (2 sind das Normale), mit einem Inte- 
gument, das nicht einmal vollstandig den Nucellus umhiillt und eines 
Archespors vollig entbehrt. Bei pulcherrima findet man meistens die 
eigentiimlichen Stempel, die in Fig. 2 und 3 wiedergegeben sind. In 
Fig. 2 ist eine Samenanlage kaum ausgebildet, in Fig. 3 bildet sie eine 





Fig. 6—9. Amphimiktische Wikstroemia-Arten. — 6. Einzelliges Archespor. — 7. Zwei- 

zelliges Archespor. — 8. Tetrade. — 9. Zweikerniger Embryosack. — Fig. 10—11. Wik- 

stroemia viridiflora. — 10. E.M.Z. mit Kern in Ruhe. — 11. E.M.Z. mit Kern in 
Synapsis. 


direkte Fortsetzung der Zentralachse des Stempels, ragt aus der Spitze 
des Stempels heraus. Wenn sie atrop und mit einem symmetrisch aus- 
gebildeten Integument versehen ist, erhalt man den Eindruck, dass die 
Bliitenachse verlangert und mit zwei Kranzen aus zusammengewachse- 
nen Blattern versehen ist. Diese eigentiimlichen Stempel werden zu- 
weilen auch bei den weiblichen Bliiten anderer. Wikstroemia-Arten 
angetroffen. Mehrere Falle von eigentiimlich ausgebildeten Stempeln 
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bei mannlichen Individuen gewisser Wikstroemia-Arten werden von 
SKOTTSBERG (1936) abgebildet. 


DIE MIKROSPOROGENESE BEI EINEM APOMIKTISCHEN 
KLON VON WIKSTROEMIA INDICA. 


Angaben iiber die Entwicklung des mannlichen Archespors und 
des Tapetumgewebes bei Wikstroemia indica finden sich bei WINKLER, 
weshalb von einer Schilderung derselben hier abgesehen werden kann. 
Wahrend die P.M.Z. sich in Prophase befinden, erfolgt oft Cytomixis. 
Zuweilen wird eine wirkliche Verschmelzung von P.M.Z. und ihren 
Kernen beobachtet. Die Prophase hat in verschiedenen Kernen ver- 
schiedenes Aussehen, was dann natiirlich auf das der spateren Phasen 
einwirkt. Die Einzelheiten im Verlauf der Prophase haben leider nicht 
studiert werden kénnen, da die Beschaffenheit des Materials derart ist, 
dass distinkte Bilder davon nicht erhalten werden kénnen. Einige 
P.M.Z.-Kerne erinnern sehr an somatische. Diese werden unten ein- 
gehender behandelt werden. Diejenigen P.M.Z.-Kerne, die, dem Aus- 
sehen nach zu urteilen, die friiheren meiotischen Prophasestadien durch- 
gemacht haben, gehen allmahlich in Diakinese iiber. Die Diakinese- 
kerne sind hier von recht verschiedenem Aussehen, sie sind jedoch stets 
durch hochgradige Asyndese gekennzeichnet. In nicht wenigen Fallen 
sind Gemini in wechselnder Anzahl, zwischen 9 und 1, zu beobachten 
(Fig. 12 und 13). Die Univalente variieren in diesen Fallen zwischen 
9 und 25. Der studierte Wikstroemia indica-(viridiflora-)Klon ist also 
triploid (vgl. die oben behandelten Wikstroemia-Arten). Die Pollenbil- 
dung in diesen Fallen stimmt demnach mit dem iiberein, was ROSENBERG 
(1917, 1927) in seinen bedeutungsvollen Hieracium-Untersuchungen als 
boreale-Typ bezeichnete. In anderen Fallen, die ebenfalls gew6hnlich 
sind, ist die Asyndese vollstandig, es treten 27 Univalente auf. Dieser 
Fall entspricht innerhalb der Hieracium-Literatur dem laevigatum-Typ. 
Sind Gemini vorhanden, so werden diese in einen Aquator eingeordnet. 
In einem Falle ist in einem solchen Aquator eine Bildung angetroffen 
worden, die als ein Trivalent gedeutet werden kann (Fig. 13). Még- 
licherweise handelt es sich um ein Bivalent, mit dem ein Univalent in 
Kontakt gebracht worden ist. Die Univalente liegen zerstreut in der 
Spindel (Fig. 13—14), die Teilung ist also ihrem Charakter nach semi- 
heterotypisch (ROSENBERG, 1927). Die Gemini teilen sich, und die Uni- 
valente verteilen sich nach dem Zufallsgesetz. Nicht wenige Univalente 
ordnen sich jedoch bisweilen in den Aquator ein (Fig. 16). Diese und 
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auch andere, zufallig zentraler gelegene Univalente zeigen oft eine Nei- 
gung zu beginnender Teilung (Fig. 18), die bisweilen auch durchgefiihrt 
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Fig. 12—22. Wikstroemia viridiflora — »normale Meiosis» in der P.M.Z. — 12. Dia- 
kinese mit 3,;; + 21;. — 13. Metaphase I mit 1,,; (?) + 4,;,; + 16,. — 14. Semihetero- 
typische Teilung nur mit Univalenten (Teil eines Kerns). — 15. Teil eines solchen 
Kerns mit starker »sekundarer Assoziation». — 16. Teilung I, mehrere Univalente 
sind in den Aquator eingewandert. — 17. Alle Univalente bis auf einen sind in den 
Aquator eingewandert. — 18. Anaphase I mit Nachziiglern, die Teilungstendenz zeigen. 
— 19. Metaphase II mit 13; + 23. — 20. Metaphase II nach Restitutionskernbildung mit 
26, + 21. — 21. Anaphase II mit starker »sekundarer Assoziation». — 22. Anaphase II 
mit Nachziiglern. 


wird. Im letzteren Falle werden also Hemiunivalente erzeugt. Sie sind 
deutlich an ihrer geringen Grésse zu erkennen (Fig. 19—20). Selten 
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geschieht es, dass simtliche Univalente in einen Aquator eingeordnet 
sind (vgl. Fig. 17). Die folgende Teilung geschieht in solchem Falle 
natirlich Aquational. Dieser Teilungstyp ist identisch mit dem, was 
GUSTAFSSON (1934 und spiter) pseudohomotypische Teilung genannt 
hat. In vielen Fallen, wo die Teilung in dieser Weise verlaufen ist, 
haben die Chromosomen in geringerem Grade die kontrahierte Gestalt, 
die fiir die Meiosis charakteristisch ist. Hieriiber mehr unten. 

Wahrend der Anaphase der ersten Teilung entstehen meistens zwei 
Chromosomengruppen, eine an jedem der beiden Pole, und zwischen 
ihnen finden sich ungeteilte oder unvollstandig geteilte Nachziigler. In 
der Regel dirften die letzteren sich jedoch noch in die betreffenden Pol- 
gruppen einordnen, bevor die Kernmembranen gebildet werden. In 
anderen Fallen werden Restitutionskerne oder zwischen den »legitimen>» 
Dyadenkernen Mikrokerne gebildet. Wahrend der Interkinese ist nicht 
selten eine Membranbildung im Phragmoblasten zu beobachten. Sie 
scheint sehr temporarer Natur zu sein, und nie kommt es.zu einer wirk- 
lichen Wandbildung. Metaphase II zeigt infolge der friiheren Unregel- 
massigkeiten verschiedene Chromosomenzahlen. Ausser Chromosomen 
von »normaler» Grésse bemerkt man einige »Kleinchromosomen», 
sicherlich identisch mit den Hemiunivalenten (Fig. 19). Wahrend der 
Anaphase II sieht man gleichfalls Nachziigler, die klein sind und als 
mit den Hemiunivalenten identisch betrachtet werden kénnen (Fig. 22). 
Wenn ein Restitutionskern durch die erste Teilung zustande gekommen 
ist, kommt wahrend der zweiten nur eine einzige grosse Chromosomen- 
gruppe vor, die sich dann teilt (Fig. 20). In dieser kénnen auch oft die 
Hemiunivalente beobachtet werden. Die Anzahl Chromosomenk6érper 
in einer derartigen unreduzierten Chromosomenplatte kann daher 
grésser als 27 sein. Rechnet man jeden der kleinen K6rper als ein 
halbes Chromosom, so erhalt man jedoch ein iibereinstimmendes Resul- 
tat. In Fig. 20 finden sich so 2 »Kleinchromosomen» und 26 Chromo- 
somen von gewohnlicher Grésse. 

War die Entwicklung in der Weise gegangen, wie oben geschildert 
worden, so hatten die Univalente wahrend der Diakinese stark kontra- 
hierte Form, sie ahnelten Kugeln oder Wiirfeln. Diakinesen — wenn 
nun weiter diese Bezeichnung angewandt werden darf — anderen Aus- 
sehens werden aber bisweilen angetroffen. Bald haben die Chromosomen 
ovale Gestalt, bald haben sie die Form kurzer, dicker, an der Mitte gebo- 
gener Stabchen (Fig. 25), bald sind sie stark in die Lange gezogen (Fig. 
26). Im letzteren Falle unterscheiden sie sich nicht von dem Aus- 
sehen, das den Chromosomen wiahrend der Prophasen zu den Tei- 
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lungen zukommt, welche im somatischen Gewebe zu beobachten sind. 
Ein Gegenstiick hierzu bei Hieracium bildet der pseudoillyricum-Typ 
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Fig. 23—33. Wikstroemia viridiflora — »somatisierte Teilungen» in der P.M.Z. — 
23. Prophase mit Prochromosomen (?). — 24. Desgl., etwas dlteres Stadium. — 
25. »Diakinese» nur mit Univalenten von »schwach somatisierter Form». — 26. »Dia- 
kinese» nur mit Univalenten von »stark somatisierter Form». — 27. »Schwach soma- 
tisierte Univalente» ordnen sich in den Aquator ein. — 28. »Stark somatisierte Uni- 


valente» ordnen sich in den Aquator ein. (Die Kerne in Fig. 27 und 28 stammen aus 

in demselben Fach nebeneinander liegenden P.M.Z.) — 29—30. Die »Univalente von 

schwach somatisierter Form» sind simtlich oder zum gréssten Teil in den Aquator 

eingewandert. — 31—32. »Univalente von schwach und mittelstark somatisierter 

Form» haben »pseudohomotypische Metaphase» gebildet. — 33. Stark somatisierte 
Chromosomen wiahrend Anaphase I. 


(ROSENBERG, 1927). Im erstgenannten Falle kommt dann bisweilen eine 
semiheterotypisch betonte Teilung zustande. Wahrend dieser ist jedoch 
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die Tendenz zur Einverleibung von Univalenten in den Aquator starker 
(Fig. 29—30) als wahrend des »normalen», oben geschilderten Ver- 
laufs. In vielen Fallen ordnen sich auch simtliche Chromosomen zu 
einer vollig regelmassigen Aquatorialplatte an. Das Resultat ist dann 
die pseudohomotypische Teilung oder besser gesagt, wenn man sich an 
die Chromosomenlange halt, eine Zwischenform zwischen diesem 
Teilungstyp und einem somatischen. Waren die Chromosomen nach 
Alternative II ausgebildet, so war dieser Teilungstyp noch gewohnlicher 
und zwar der alleinherrschende, wenn die Chromosomen somatische 
Gestalt hatten. Aus dem Angefiihrten geht hervor, dass die Kerne in 
den P.M.Z., wenn man sich an die Chromosomenform hilt, »somati- 
siert» werden kénnen. Alle Ubergange zwischen der Bildung von Uni- 
valenten »meiotischen» und solchen »mitotischen» Aussehens sind dem- 
nach vorhanden. Wenn die mitotische Form sich etwas geltend gemacht 
hat, fehlen stets Gemini. Wie die Kerne, die sich auf die soeben be- 
schriebene Weise verhalten, spater sich entwickeln, ist mir unbekannt. 
Die Kerne, die sich in der Richtung auf »Somatisierung» hin entwickelt 
haben, zeigen keinerlei Verz6gerung in ihrer Entwicklung. Ein Parallel- 
fall zu dem eben geschilderten, wo die P.M.Z. bei ein und derselben 
Art sich sowohl nach dem boreale- als auch nach dem laevigatum- und 
dem pseudoillyricum-Typ entwickeln kénnen, ist von GENTSCHEFF 
(1937) bei Hieracium vulgatum nachgewiesen worden. Schon ROSEN- 
BERG zeigte iibrigens, dass mehr als einer der drei Entwicklungstypen 
bei ein und derselben Art angetroffen werden kénnen. 

Wie oben erwahnt, bieten einige P.M.Z. wahrend der Prophase ein 
Aussehen dar, das nicht auf beginnende Meiosis deutet. Vermutlich 
sind es diese Fille, bei denen es zu den in ausgesprochenem Grade 
»somatisierten» Teilungen kommt. Statt der zu erwartenden meioti- 
schen Prophasen haben die Kerne in einigen Fallen das Aussehen, das 
durch Fig. 23—24 veranschaulicht wird. In dem Kern finden sich hier 
ausser dem Nukleolus kleinere oder gréssere distinkte Punkte. Ihre 
Anzahl ist 27. Sie sind wohl als Prochromosomen aufzufassen, als 
Chromozentren, um die herum die Chromosomen spater »aufgebaut» 
werden (vgl. ROSENBERG, 1909b; DOUTRELIGNE, 1933). In einem 
Pollenfach sind in einer Reihe liegende Kerne in den Stadien beobachtet 
worden, die durch Fig. 23, 24 und 25 veranschaulicht werden; es zeigt 
dies, dass sie Phasen einer und derselben Entwicklungskette darstellen. 

Eine ganze Reihe P.M.Z. scheinen iiberhaupt keine Teilungen 
durchzumachen. Sie nehmen dann oft ein Aussehen an, identisch mit 
dem der Tapetumzellen. Auf diese Weise werden die Pollenfacher oft 
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regelmassig in Kammern abgeteilt. Nicht selten schwellen diese 
»ruhenden» P.M.Z. abnorm an, eine Erscheinung, die bisweilen auch 
bei den Zellen des Tapetumgewebes zu finden ist. 

Der »reife» Pollen bleibt stets einkernig. Er ist von sehr ver- 
schiedener Grésse und Form. Dass er letal ist, diirfte aus WINKLERS 
Keimversuchen hervorgehen. WINKLER, der eine Menge frischer Pollen- 
facher auf ihren Inhalt analysiert hat, gibt an, dass in ganz vereinzelten 
Fallen ein Fach mit gleichformigem Pollen vitalen Aussehens angefullt 
sein kann. Einen solchen Fall habe ich nicht zu entdecken vermocht. 

Wahrend der meiotischen Teilungen wird oft sog. sekundare 
Assoziation beobachtet. Die Assoziationskomplexe bestehen zumeist aus 
2 Chromosomen (Fig. 14, 15, 19, 20, 21). Dreiergruppen sind nicht 
gewéhnlich. Grdéssere Gruppen, die jedoch mehr den Eindruck von 
»Zusammenballung» machen, kommen zuweilen vor. Assoziationen 
kommen auch zwischen den Univalenten vor, die in der Spindel zerstreut 
liegen (Fig. 14, 15). Waren die Assoziationen ein Kriterium fiir Homo- 
logie, so miissten Dreiergruppen gewohnlich sein. Dies ist jedoch nicht 
der Fall. Dass die Assoziationen in der semiheterotypischen Spindel als 
Pseudogemini zu betrachten sind, in dem Sinne, wie GUSTAFSSON diesen 
Ausdruck anwendet, und dass die Assoziationen wirklich ein Homologie- 
kriterium darstellen, méchte ich andauernd bezweifeln (vgl. FAGERLIND, 
1937). 

Bei Galium beschrieb ich (FAGERLIND, 1937) Falle, wo wahrend 
der Anaphase, eben wenn die Chromosomenmassen die betreffenden 
Pole erreicht hatten, die Assoziation nicht dieselbe in korrespondieren- 
den Platten war. Ahnliche Falle k6nnen auch hier beobachtet werden; 
Fig. 21 ist ein solcher. 


DIE »MAKROSPOROGENESE)» BEI EINEM APOMIKTISCHEN 
KLON VON WIKSTROEMIA INDICA. 


Im Nucellus teilt sich die primare Archesporzelle in Deckzelle und 
E.M.Z., wie WINKLER dies beschrieben hat. Die Deckzelle nebst Epi- 
dermis teilt sich mehrmals, wodurch die Nucellusmasse zunimmt 
(Fig. 10, 11). Bisweilen kénnen zwei E.M.Z. in demselben Nucellus 
angetroffen werden (Fig. 34, 36). Meistens werden von der E.M.Z nur 
zwei Zellen gebildet (Fig. 35—37, 39, 40). Seltener ist Tetradenbildung 
(Fig. 38). Der Verlauf bei der Megagametophytenbildung stimmt also 
im grossen ganzen mit den von STRASBURGER gelieferten Angaben iiber- 
ein. Die Zellen sind indessen voneinander durch wirkliche Wande 
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geschieden, nicht nur durch einen »hellen Zwischenraum». Die gebil- 
deten Zellen liegen zuweilen direkt iibereinander. Oft sind sie etwas 





Fig. 34—42. Wikstroemia viridiflora. — 34. Zweizelliges Archespor, eine E.M.Z. mit 

Kern in Synapsis, die andere mit Ruhekern. — 35. Dyade. — 36. Dyade und un- 

geteilte E.M.Z. mit Kern in Ruhe. — 37. Dyade mit den Tochterzellen in Seitenlage. 

— 38. Tetrade. — 39—40. Junge Embryosicke, gebildet nach dem Taraxacum- 

Schema. — 41. Degenerierte Tetrade (?) und junger Embryosack, gebildet nach dem 

Antennaria-Schema (?). — 42. Junger Embryosack, gebildet nach dem Antennaria- 
Schema (?). 
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verschoben im Verhiltnis zueinander. Liegt dann die Schnittebene in 
bestimmter Weise, so ist es schwer, die Wande zu sehen. Hierin liegt 
wohl die Erklarung zu STRASBURGERs irrtiimlicher Angabe. Sehr selten 
liegen die Tochterzellen nebeneinander (Fig. 37), ein Fall, der auch von 
STRASBURGER beobachtet worden ist. Dass es sich hierbei nicht um zwei 
nebeneinander liegende E.M.Z. handelt, geht véllig deutlich aus dem 
Aussehen der Kerne und des Plasmas hervor. Die beiden Zellen in der 
Dyade zeigen Entwicklungstendenz. Beide kénnen vakuolisiert werden. 
In der Regel verdrangt jedoch die untere die obere, die sogleich de- 
generiert (Fig. 39). In vereinzelten Fallen kann der Verlauf der gerade 
entgegengesetzte sein (Fig. 40). Einige Male habe ich den Eindruck 
gehabt, dass die Bildung eines Embryosacks direkt aus einer E.M.Z. 
erfolgte, ohne dass diese sich zuerst geteilt hatte (Fig. 41—42). E.M.Z. 
mit Ruhekernen haben namlich beginnende Vakuolisierung aufgewiesen. 
In spateren Stadien zu entscheiden, ob der Embryosack aus einer 
Dyadenzelle oder aus einer ungeteilten E.M.Z. hervorgegangen ist, stellt 
sich schwierig, da mehrere somatische Zellen im Nucellus gleichzeitig 
mit der eventuellen Schwesterzelle degenerieren und verdrangt werden. 
Es ist daher unméglich, einen Anhaltspunkt durch Bestimmung der 
Anzahl degenerierter Zellreste um die Basis oder Spitze des jungen 
Embryosacks herum zu erhalten. 

Bei dem studierten agamogonischen Klon von Wikstroemia viridi- 
flora folgt also die Embryosackbildung hauptsachlich dem_ sog. 
Taraxacum-Schema. 

Leider ist das Material so gering gewesen, dass E.M.Z. in Teilung 
nur einige wenige Male haben beobachtet werden kénnen. Untersucht 
man Nucelli, die, dem Aussehen nach zu urteilen, sich in dem Stadium 
befinden, wo der E.M.Z.-Kern bei den sexuellen Wikstroemia-Arten in 
Synapsis begriffen ist, so trifft man nur ruhende E.M.Z.-Kerne an. 
Spater kénnen jedoch Kerne in Synapsis angetroffen werden, aber nur 
selten (Fig. 11, 34). Zwei Falle von Diakinese sind beobachtet worden. 
Beide zeigen Asyndese, aber auch Bindung. Fig. 43 zeigt vermutlich 
sogar ein Trivalent. Fig. 45 zeigt eine Metaphase I, wo die Chromo- 
somen univalent und von meiotischer Form sind. Die meisten sind in 
den Aquator eingeordnet worden, nur zwei befinden sich ausserhalb 
desselben. In Fig. 46, die den zweiten angetroffenen Fall von Meta- 
phase I wiedergibt, sind simtliche Univalente in den Aquator einge- 
ordnet. Sie haben meiotische Gestalt. Die Teilung ist offenbar pseudo- 
homotypisch. Die Embryosackbildung kann also durch Semiaposporie 
erfolgen. Fig. 47 zeigt, dass wahrend der Anaphase I Nachziigler vor- 
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kommen kénnen. In einigen Fallen, wo der Kern sich in Synapsis 
befunden hat, hat eine Weiterentwicklung offenbar nicht geschehen 
kénnen. Der E.M.Z.-Kern hat lange dieses sein Aussehen beibehalten. 
Die Zelle und der Kern degenerieren ohne weitere Veranderungen. Die 
Nucelli bleiben in solchen Fallen steril. 

Viele Falle finden sich, wo die E.M.Z., trotzdem ein spates Stadium 
vorliegt (Fig. 10, 34, 36), nie Synapsisaussehen zeigt, sondern in Ruhe 
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Fig. 43—47. Wikstroemia viridiflora — die erste Teilung des E.M.Z.-Kerns. — 
43. Diakinese mit Trivalent (?), Geminus und Univalenten (Kernfragmenten). — 
44. Desgl. mit Gemini und Univalenten. — 45. Metaphase I nur mit Univalenten, von 
. denen alle bis auf zwei in den Aquator eingewandert sind. — 46. Pseudohomotypische 
Metaphase. — 47. Anaphase I mit Nachziiglern. 


bleibt. Es muss dies teilweise darauf beruhen, dass das Synapsisstadium 
sehr rasch voriibergeht. Dies ist auch wohl die Ursache, weshalb 
WINKLER und STRASBURGER die Existenz desselben verneint haben. 
Eine andere Ursache ist der Umstand, dass in vielen Fallen der Kern 
iiberhaupt nicht in Meiosis eintritt. Dann degeneriert meistens die Zelle 
allmahlich — oft spat — ohne dass der Kern seine Natur geandert hat. 
Nur in sehr wenigen Fallen diirfte eine somatische Teilung durchge- 
fiihrt werden. STRASBURGER beobachtete F alle, mit dem E.M.Z.-Kern in 
Prophase, wo die Chromosomen von somatischem Aussehen waren. Die 
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Abbildung, die er gibt, erscheint mir jedoch nicht vdéllig iiberzeugend. 
Die nicht absolut sicheren Falle, die ich beobachtet habe, wo aus der 
E.M.Z. ohne vorhergehende Teilung ein Embryosack entsteht, sind viel- 
leicht durch solche somatische Teilungen bedingt —- Antennaria-Typ. 
Bei Chondrilla juncea, die gleich den apomiktischen Wikstroemia-Typen 
in der Regel dem Taraxracum-Schema folgt, hat ROSENBERG (1912) 
nicht selten »abweichende Fille» beobachtet. Dort waren die Chromo- 
somen gestreckt, von somatischem Aussehen — ROSENBERGs Abbildung 
nach zu urteilen. Die Teilung war indessen so spat eingetreten, dass 
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Vakuolen bereits in der E.M.Z. gebildet waren. Die letztere ist dem- 
nach nun als ein junger Embryosack anzusehen. Vermutlich war hier 
das Resultat Entwicklung nach dem Antennaria-Typ, ein Fall analog 
den médglicherweise bei den apomiktischen Wikstroemia-Typen bis- 
weilen vorkommenden. 

Uber das Aussehen der E.M.Z. oder ihrer Derivate ist die oben- 
stehende Tabelle zusammengestellt worden. Mit I—III werden ver- 
schiedene Stufen der Entwicklung bezeichnet. Wéahrend I haben die 
Integumente noch nicht die Nucellusspitze erreicht, die P.M.Z. befinden 
sich in Ruhe oder in Prophase. Wahrend II haben die Integumente 
die Nucellusspitze erreicht, die Mikrosporogenese ist im Gange. III ist 
ein etwas spiteres Stadium, die Mikrosporentetraden stehen im Begriff 
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sich aufzulésen oder haben sich soeben aufgelést. Die sexuellen Wik- 
stroemia-Arten zeigten Synapsis in der E.M.Z. schon in dem Stadium, 
das hier mit I bezeichnet worden ist. 

Die erste Teilung der E.M.Z. trifft also bei der apomiktischen viridi- 
flora spdter ein als bei den amphimiktischen Wikstroemia-Arten. Dies 
geht auch ohne weiteres aus einem Vergleich von Fig. 10 und 11 mit 
Fig. 6—8 hervor. Bei den letzteren hat in dem Stadium, das dem 
Stadium II in der Tabelle entspricht, bereits Teilung II stattgefunden, 
und in dem Stadium, das dem Stadium III entspricht, kommt Vakuole 
vor und ist demnach die Embryosackbildung eingeleitet worden. 

Der reife Embryosack hat dasselbe Aussehen wie bei den sexuellen 
Wikstroemia-Arten. Eine relativ friihe Degeneration der einen Synergide 
ist nicht beobachtet worden, was darauf deutet, dass ein Pollenschlauch 
nicht eingedrungen ist. Der Embryo wird aus der Eizelle gebildet. 
Nucellarembryonie ist nicht beobachtet worden. STRASBURGERS Ableh- 
nung des einzigen von WINKLER vermeintlich angetroffenen Falles von 
Nucellarembryonie halte ich fiir wohlmotiviert. 


DISKUSSION. 


Die bawaiischen Wikstroemia-Arten, die ich studiert habe, hatten 
alle sicher oder wahrscheinlich die Chromosomenzahl n = 9, eine Zahl, 
die schon fiir mehrere andere Thymeleaceen bekannt ist (siehe unten). 
Die Zahl bei W. indica viridiflora war dagegen 2n = 27. Diese Zahl 
liegt sehr nahe der Zahl, namlich 26, die WINKLER und STRASBURGER 
als die reduzierte Zahl angaben. Die Verschiedenheit meiner und der 
friiheren Resultate zu erklaren, ist ebenso leicht, wie es zu verstehen 
ist, dass man zu der Zeit, als die agamogonischen Pflanzen zytologisch 
noch nicht so genau wie jetzt studiert worden waren, den fraglichen 
Fehler kaum hat. vermeiden kénnen. Die Diakinesekerne, in denen die 
genannten Forscher die Chromosomenzahl bestimmten, waren ganz 
asyndetisch. Die Chromosomenkérper wurden als Gemini betrachtet, 
waren aber in Wirklichkeit Univalente. Die Metaphasen in der P.M.Z., 
die gezahlt wurden, waren eben solche, bei denen die Chromosomen 
»leicht somatisierte» Form hatten und alle Univalente sich genau in 
eine Aquatorialebene einfiigten. Dies geht deutlich aus WINKLERs Ab- 
bildungen 15—16 und aus STRASBURGERs Abb. 8 und 10 auf Taf. I her- 
vor. Dass gerade diese Metaphasen gezahlt wurden, erklart sich daraus, 
dass in den iibrigen Fallen strikte Aquatorialplatten nicht gebildet wur- 
den. Dass STRASBURGER spater eine Zahl, die um 26 herum pendelte, 
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sowohl in E.M.Z. wie in Wurzelspitzen fand, was ihn sehr tiberraschte 
und zu weitlaufigen theoretischen Erwagungen veranlasste, ist nun leicht 
zu verstehen. Es ist somit vollkommen sicher, dass die Zahl 2n = 27 
sowohl dem WINKLERschen wie dem STRASBURGERSChen Material eigen 
gewesen ist. 


Die Apomikten unterscheiden sich in der Regel von ihren nachsten 
normalen Verwandten durch eine gréssere Anzahl Genome (vgl. z. B. 
die Tabellen bei ROSENBERG, 1930 und GuSTAFSSON, 1935b). Wik- 
stroemia viridiflora verhalt sich in gleicher Weise, was aus der nach- 
stehenden Tabelle hervorgeht, die die Chromosomenzahlen in der 
Familie angibt [die Zahlen stammen aus TISCHLERs Tabellen (dort an- 
gefiihrte Literatur) und der vorliegenden Abhandlung]. Nur die 2n- 
Zahl wird angefiihrt: 


Wikslroemia Daphne Gnidia Edgeworthia 
viridiflora 27 yezonensis 18 carinata 18 papyrifera 36 
canescens 18 alpina 18 
2737 18 Mezereum 18 
2726 18 Pseudomezereum 18 

Kiusiuana 18 
odora ae7* 


Oben ist bemerkt worden, dass allem Anschein nach auch die nicht 
in der Tabelle angefiihrten, von mir studierten Wikstroemia-Arten di- 
ploid sind. Von 7 bekannten Wikstroemia-Arten waren demnach 6 
diploid und amphimiktisch, 1 triploid und apomiktisch. Innerhalb der 
nahestehenden Gattungen finden sich offenbar vereinzelte polyploide. 
Dass die vermutlich triploide Daphne odora nicht apomiktisch ist, geht 
daraus hervor, dass sie regelmiéssig Makrosporentetraden bildet 
(Osawa, 1913). Sie ist stark steril. 

STRASBURGER untersuchte den Pollen bei Vertretern der polymor- 
phen Art W. indica in den Herbarien BRANDIS’ und des Berliner Muse- 
ums (STRASBURGER, 1909, S. 85 ff.). Zwei Drittel der Exemplare hatten 
guten Pollen. Diese Individuen stammten aus Sydney, Celebes, Neu- 
guinea, anderen Siidseeinseln, Australien und China. Schlechten Pollen 
hatten dagegen Exemplare von Java, der Bonin-Insel, Srirampur bei 





1 Die Zahl der Annahme nach 27 (vgl. HOLMGREN, 1919). Osawa bestimmte sie 
(1913) zu n= 14, spater ist sie zu n= 15 und zu 2n = 28 bestimmt worden (vgl. 
TISCHLERs Tabellen). 
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Calcutta (derselbe Klon [?] wie der, den WINKLER, STRASBURGER und 
ich studiert haben). Ahnlichen Untersuchungen habe ich die Wik- 
stroemia-Arten im Herbarium des Naturhistorischen Reichsmuseums in 
Stockholm unterzogen. Normalen Pollen hatten Exemplare von Cobat- 
che und von Nouméa, beide Orte in Neukaledonien, und eines von nicht 
angegebenem Fundort. Pollen von demselben Aussehen wie bei dem 
in Buitenzorg vorkommenden Klon hatten ein Exemplar von unbekann- 
tem Lokal und eines von Formosa. Das letztere trug eben die Bezeich- 
nung viridiflora. STRASBURGER untersuchte auf dieselbe Weise andere 
Arten der Gattung, alle hatten normalen Pollen. Von den im Reichs- 
museum vertretenen Arten hatten regelmassigen Pollen die mit folgen- 
den Bezeichnungen versehenen: acuminata, buzifolia, canescens, Cau- 
mii, Chamaedaphne, dolichante, furcata, Gampi, haleakabensis (doch 
vereinzelte Zwergpollenkérner), japonica, lichiangensis, nutans, oahen- 
sis, ovata, pulcherrima, rotundifolia, stenophylla und trichotoma. Pol- 
len vom »viridiflora-Typ» hatte nur stenantha von Kwantung. Mehrere 
der aufgezahiten Arten kénnen als richtig bestimmt angesehen werden, 
mehrere Bestimmungen riihren namlich von SKOTTSBERG oder von 
MERRILL her. 

Aus diesen Pollenuntersuchungen kann der Schluss gezogen wer- 
den, den STRASBURGER (1909, S. 87) zog: von der Art Wikstroemia 
indica gibt es sowohl apomiktische als sexuelle Formen. Dass diese 
sexuellen Formen nicht triploid sein kénnen, geht daraus hervor, dass 
sie normalen Pollen haben. Alles spricht demnach dafiir, dass die apo- 
miktische Wikstroemia indica ein intraspezifischer polyploider Typ ist. 

Die Pollenuntersuchungen sprechen dafiir, dass nur wenige Arten 
innerhalb der Gattung durch die Erscheinung gekennzeichnet sind, wie 
sie bei Wikstroemia indica vorkommt. 


Die Teilung der Pollenmutterzellen kann bei der studierten Wik- 
stroemia viridiflora auf verschiedene Weise geschehen. Man kann eine 
zusammenhiangende Serie von Meiosis mit starker Asyndese bis zu 
reiner Mitose hin beobachten. Die Beibehaltung der unreduzierten 
Chromosomenzahl (abgesehen wird hierbei von Komplikationen, er- 
zeugt durch Hemiunivalentenbildung) kann auf dreierlei verschiedene 
Weise geschehen: 1) durch semiheterotypische Teilung, begleitet von 
Restitutionskernbildung, 2) durch pseudohomotypische Teilung und 
3) durch somatische Teilung. Dass die Chromosomenzahl bei der Bil- 
dung des Makrogametophyten wenigstens in der itiberwiegenden Anzahl 
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Falle unreduziert bleiben muss, geht daraus hervor, dass die Pflanze 
agamospermisch ist, sowie daraus, dass der Embryo sich aus der Eizelle 
entwickelt. Aus meiner Untersuchung ergibt sich, dass wahrend der 
Teilung I vorhandene Univalente das Auftreten von Nachziiglern ver- 
ursachen kénnen. Die Voraussetzung fiir die Bildung von Restitutions- 
kernen ist demnach vorhanden. Pseudohomotypische Teilung ist 
offenbar hier ein anderes Verfahren zur Bildung unreduzierter Embryo- 
sicke. Dass diese beiden Entwicklungsweisen bei ein und demselben 
Individuum wirksam sein kénnen, ist von GUSTAFSSON (1935 b) fiir 
einige Agamospermen nachgewiesen oder wahrscheinlich gemacht wor- 
den. Bei anderen, z. B. Hieracium, kénnen offenbar sowohl pseudo- 
homotypische Teilung als auch somatisierte Teilung vorkommen (vgl. 
GUSTAFSSON, 1935 b; BERGMAN, 1935 b; GENTSCHEFF, 1937). Kann auch 
die somatische Teilung bei Wikstroemia wirksam sein? STRASBURGERS 
Resultate deuten darauf hin und ebenso mein Nachweis einer evtl. 
direkten Bildung des Embryosacks aus der E.M.Z., da ja Anlass vor- 
liegt, zu vermuten, dass das Vorhandensein des Antennaria-Schemas ein 
Kriterium dafiir bildet, dass die Teilung »stark somatisiert» gewesen ist, 
d. h. wenn die Gametophytenbildung einem Entwicklungsmodus homo- 
log dem Normalschema gefolgt ist. Dass dies hier der Fall ist, kann 
als sicher angesehen werden, da die tibrigen Wikstroemia-Arten dem 
Normalschema folgen. Ich gehe auf die Frage an anderer Stelle des 
naiheren ein (FAGERLIND, 1940). 

Es ist also wahrscheinlich, dass dieselben drei Methoden, die zur 
Bildung unreduzierter Mikrosporen zur Verwendung kommen, auch 
zur Bildung unreduzierter Embryosaicke verwendet werden. In gewis- 
sen Fallen konnte die E.M.Z. auch vier Sporen bilden; es zeigt dies, 
dass noch eine weitere Variation in der ersten Teilung der E.M.Z. vor- 
kommen kann, eine, die auch bei der Mikrosporenbildung vorhan- 
den war. 

Die apomiktischen Pflanzen, bei denen die Reproduktion tiber 
einen Gametophyten geschieht, sind wenigstens in der Mehrzahl der 
Falle dadurch gekennzeichnet, dass die Teilung der P.M.Z. und der 
E.M.Z. sehr verschieden riicksichtlich des Grades der Syndese und des 
grésseren oder geringeren Grades von meiotischem bzw. mitotischem 
Charakter verlauft (vgl. beispielsweise GusTaFssons Ubersicht 1938). 
Bei Wikstroemia indica (viridiflora) kommen indessen, allem nach zu 
urteilen, genau dieselben Teilungstypen in der P.M.Z. wie in der E.M.Z. 
vor. Verschiedenheiten in der Frequenz des Vorkommens der einzelnen 
Typen in den beiden Fallen sind aber deutlich vorhanden. Die Bildung 
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unreduzierter Derivate ist bei den P.M.Z.-Teilungen ungewohnlich, bei 
den E.M.Z.-Teilungen gew6éhnlich. Vermutlich ist der bei vielen Apo- 
mikten vorhandene Unterschied zwischen den P.M.Z.- und den E.M.Z.- 
Teilungen eben durch einen solchen Frequenzunterschied bedingt. Alle 
Arten von Teilungen — verschiedene Grade von Somatisierung — 
sind vielleicht immer vorhanden. Hierfiir sprechen die Resultate der 
Hieracium- und Antennaria-Forschung der letzten Jahre (STEBBINS, 
1932; BERGMAN, 1935 b—c; GUSTAFSSON, 1935b und spiter; GENT- 
SCHEFF, 1937). In extremen Fallen sind offenbar gewisse Teilungs- 
typen in der P.M.Z. bzw. E.M.Z. so selten geworden, dass sie praktisch 
genommen der Beobachtung sich entziehen. 


WINGE (1917) und Ernst (1918) stellten die Hypothese auf, dass 
Apomixis durch vorhergehende Artbastardierung bedingt ware. Die 
Hypothese wurde lange durch den Nachweis davon gestiitzt, dass die 
Agamospermie oft mit starker Asyndese wihrend der Meiosis verbun- 
den war. Spater ist nachgewiesen worden, dass Asyndese bei reinen 
Arten vorkommen kann. Sie ist da genbedingt (BEADLE, 1930 u. a.). 
Mehrere Arten, bei denen agamospermische Formen vorkommen, ent- 
halten auch sexuelle diploide Formen. Die Agamospermen miissen da 
als intraspezifische, nicht als interspezifische Polyploide betrachtet wer- 
den. Der Anschauung, dass die Agamospermie oder wenigstens die 
Bildung unreduzierter Gametophyten durch spezifische Gene verur- 
sacht sein kann oder verursacht ist, haben sich mehr oder minder ent- 
schieden folgende Autoren angeschlossen: ANDERSSON-KOTTO, BERGMAN, 
GUSTAFSSON, HOLMGREN und ROSENBERG. BERGMAN bemerkt jedoch, 
dass, da die Syndeseverhiltnisse deutlich auf hybridogene Chromoso- 
mengarnitur — das Drosera-Schema — hindeuten, doch Bastarde vor- 
liegen miissen. Er weist unter anderem auf die Canina-Rosen hin. 
Hier kénnen die Syndeseverhialtnisse geschrieben werden: 7, + 14,, 
7 + 21, oder 7, + 28, (TACKHOLM, 1922). 

Die apomiktische Natur der Canina-Rosen ist jedoch nicht nach- 
gewiesen. BLACKBURN und HARRISON (1921) wollen die eigentiim- 
lichen Verhialtnisse bei diesen Pflanzen durch die Annahme erklaren, 
dass eine Art struktureller Hybriditat vorliegt. Diese Ansicht erscheint 
auch DARLINGTON (1937) plausibel. Fiir sie spricht auch, dass, wie 
verschiedene Autoren nachgewiesen haben, verhaltnismassig gewohn- 
lich 7-chromosomiger Pollen vorliegt. Friithere Kastrationsversuche, 
deren Resultate auf apomiktische Vermehrungsweise deuten, haben 
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allen Wert verloren, seitdem GUSTAFSSON (1931 a—b) gezeigt hat, dass 
ein positives Resultat ausbleibt, wenn die Kastrationen sorgfaltig aus- 
gefiihrt werden. GUSTAFSSON (1937) glaubt jedoch das Vorliegen von 
Apomixis (Pseudogamie) durch Bestéaubungsversuche mit artfremdem 
Pollen beweisen zu kénnen. Er gibt an, dass bei Bestaubung von 
Canina-Rosen mit Pollen von rugosa und rubrifolia die Nachkommen- 
schaft einheitlich ausfallt und nicht Charaktere zeigt, die an die des 
Pollenlieferanten erinnern. Einen Beweis bilden jedoch diese Resultate 
nicht. Da, wenn Befruchtung erfolgt ist, von den 5 Genomen der Nach- 
kommenschaft nur eines von dem Pollenlieferanten stammt und die 
uibrigen vier von der Mutterpflanze, ist es nicht ausgeschlossen, dass die 
Eigenschaften des ersteren bei der Nachkommenschaft nicht in Er- 
scheinung treten. Um einen schliissigen Beweis zu erlangen, ist es not- 
wendig, die Kreuzungsversuche zu wiederholen, aber unter Verwendung 
polyploider Rosen als Pollenlieferanten, wo dann schon die Chromo- 
somenzahl bei der eventuellen Nachkommenschaft beweiskraftige Be- 
deutung hat. Derartige Kreuzungen unter Verwendung von Pollen von 
diploiden, tetraploiden, hexaploiden und oktoploiden Rosen habe ich in 
dieser Saison ausgefiihrt. Ich bin auch an eine zytologische und em- 
bryologische Untersuchung der Canina-Rosen herangegangen und hoffe 
dadurch zu einer Lésung des Canina-Problems gelangen zu kénnen. 

Sichere Beweise dafiir, dass die Apomixis mit Bastardierung in 
Zusammenhang steht, liegen also nunmehr kaum vor. Vielmehr kann 
man jetzt die polyploiden Agamospermen als intraspezifisch polyploid 
betrachten. Wodurch ist dann die Asyndese bedingt? Eine Antwort 
glaube ich weiter unten geben zu kénnen. 

Beim Studium vor allem von Galium Mollugo, aber auch von an- 
deren Galieae-Vertretern wies ich nach (FAGERLIND, 1937), dass Tei- 
lungen vorkommen, die als ein Mittelding zwischen Meiosis und Mitose 
bezeichnet werden kénnen. Bei den studierten Arten fand sich ein viel- 
zelliges Makroarchespor, dessen Grenze gegen das somatische Gewebe 
sehr diffus war, indem an seiner Peripherie zahlreiche Zellen vorkamen, 
die, dem Aussehen nach zu urteilen, weder als somatische Zellen noch 
als Archesporzellen bezeichnet werden konnten. Sie bildeten vielmehr 
eine Ubergangsserie zwischen diesen beiden Zellarten. Die Teilungen 
im Zentrum des Archespors waren Meiosen mit normalen Syndesever- 
haltnissen. Nach der Peripherie des Archespors hin wurde die Syndese 
mit dem Abstand vom Zentrum schwacher und schwicher. Die Chro- 
mosomenform stimmte dagegen stets mit der Chromosomenform wah- 
rend Teilung I einer gewéhnlichen Meiosis iiberein. An den dussersten 
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Grenzen des Archespors und ausserhalb desselben kam ein ahnlicher 
Teilungstyp vor, aber mit noch starkerer Asyndese, recht oft mit totaler. 
Die mehr oder weniger asyndetischen Teilungen wurden als semihetero- 
typische durchgefiihrt. Ein Vorkommen von pseudohomotypischer 
Teilung war jedenfalls méglich. Sie ist jedoch nicht mit voller Sicher- 
heit nachgewiesen worden. Wahrend aller dieser Teilungen lag trotz 
der Asyndese volle Chromosomenhomologie vor. Die Asyndese ist dem- 
nach hier nicht durch den Mangel einer solchen Homologie bedingt. 
Auch kann sie nicht genbedingt sein, da im Zentrum des Archespors 
und wahrend der Mikrosporogenese die Syndese normal war (abgesehen 
wird hier von den abnormen Fallen, die ich auch nachgewiesen habe). 
Sie muss also darauf beruhen, dass die Teilung nicht eine heterotypische 
war. Die Teilung muss als ein Ubergang zwischen heterotypischer 
Teilung und Mitose — als eine »somatisierte Meiosis» oder als eine 
»meiotisierte Mitosis» — betrachtet werden. 

Falle, die an die »somatisierten Meiosen» bei den Galieae-Vertretern 
erinnern, sind auch anderwarts angetroffen worden. Ich denke an die 
Teilungen, die ROSENBERG (1909) und ich selbst (FAGERLIND, 1937) als 
Abnormitaten in den Tapetumzellen oder anderen benachbarten somati- 
schen Zellen der Staubbeutel nachgewiesen haben. Diese Teilungen 
waren durch die meiotisch kontrahierte Form der Chromosomen, aber 
fehlende Syndese ausgezeichnet. Die Teilungen erfolgten semihetero- 
typisch. 

»Somatisierung» der Meiosis kann also eine Teilung mitfiihren, bei 
der die Chromosomen mit denen der Meiosis betreffs der Form iiberein- 
stimmen, bei der Syndese vorkommen kann, diese aber mehr oder 
minder abgeschwiacht ist. Totale Asyndese kann oft die Folge sein. 
Die »somatisierte Meiosis» kann dem semiheterotypischen oder dem 
pseudohomotypischen Schema folgen. Solche Teilungen bei den Aga- 
* mogonen als durch vorhergehende Bastardierung bedingt anzusehen, ist 
man also kaum mehr berechtigt. Diese Teilungen kénnen hier ebensogut 
durch genbedingte »Somatisierung» der Meiosis verursacht sein. Da wir 
sicher wissen, dass mehrere Agamospermen nicht Bastarde sind, und 
ferner dass mehrere Teilungen aufweisen, die durch starke Somatisie- 
rung ausgezeichnet sind, halte ich den folgenden Schlussatz fir be- 
rechtigt: 

Die Asyndese bei vielen Agamogonen ist sehr wahrscheinlich durch 
die »Somatisierung» der Meiosis bedingt. Ist diese stark, so werden 
Teilungen erhalten, bei denen die Chromosomen somatische Gestalt 
haben; ist sie schwach, so behalten die Chromosomen ihre meiotische 
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Gestalt, aber es tritt Asyndese ein. Ist die »Somatisierung» sehr schwach, 
so wird die Teilung sehr dhnlich einer Meiosis (semiheterotypische 
Teilung ); ist sie etwas starker, so wird die Asyndese total. Pseudohomo- 
typische Teilung kann dann eintreten. 


Bei den Amphimikten geschehen in der Regel (betreffs weniger 
Ausnahmen siehe unten), wenn die Entwicklung von E.M.Z. zu Sporen- 
bildung und ferner zu Gametophytenbildung und -entwicklung geht, der 
Reihe nach folgende Veranderungen: 


I II Il IV 
heterotypische homotypische Teilung Wachstum und _ somatische Tei- 
Teilung — (=»Aquationsteilung»,— Vakuolenbil- — lung Nr. 1 —> usw. 

durchgefiihrt mit kon- dung 
trahierter Chromoso- 


menform) 
Bei Agamogonen mit Semiaposporie (eine oder mehrere Arten der 
Gattungen Taraxacum, Wikstroemia, Erigeron u. a. — vgl. Tabelle 2 


bei FAGERLIND, 1940 und dort angefiihrte Literatur) wird die erste 
Teilung der E.M.Z. als pseudohomotypisch durchgefihrt. Bei diesen 
geschehen der Reihe nach folgende Veranderungen: 


I II I 
pseudohomotypische Teilung (= Aqua- Wachstum und somatische Tei- 
tionsteilung, gekennzeichnet durch kon- — Vakuolenbildung —> lung Nr. 1 — usw. 
trahierte Chromosomen) 

Bei Agamogonen mit Aposporie (eine oder mehrere Arten der Gat- 
tungen Antennaria, Eupatorium, Hieracium u. a. — vgl. Tabelle 2 bei 
FAGERLIND, 1940 und dort angefiihrte Literatur) wird die erste Teilung 
der E.M.Z. als rein somatisch durchgefiihrt. Bei diesen geschehen der 
Reihe nach folgende Veranderungen: 


I II 
Wachstum und Vakuolenbildung — somatische Teilung Nr. 1— usw. 


In dem ersten der hier fiir die Agamogonen angefiihrten FaAlle ist 
also die Entwicklung, verglichen mit den Verhaltnissen bei den Amphi- 
mikten, um einen Teilungsschritt (heterotypische Teilung eliminiert), 
in dem anderen um zwei Teilungsschritte (heterotypische und homo- 
typische Teilung eliminiert) verkiirzt worden. Es ist auffallend, dass 
in den drei Fallen die vorkommenden Entwicklungsphasen genau die- 
selbe Reihenfolge innehalten. In analoger Weise, wie die Spore sich in 
den normalen Fallen entwickelt, entwickelt sich also die Dyadenzelle 
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(oder das Produkt, der Dyadenkern), wenn Semiaposporie vorliegt, und 
die Mutterzelle selbst, wenn Aposporie vorliegt. Wenn Semiaposporie 
vorliegt, hat sich offenbar die Dyadenzelle in einen jungen Embryosack 
umgewandelt; wenn Aposporie vorliegt, wandelt sich die Mutterzelle 
direkt in einen jungen Embryosack um. Liegt Aposporie vor, so hat sich 
also der Embryosackmutterzellkern direkt in den Embryosackkern um- 
gewandelt. Wenn Semiaposporie vorliegt, hat sich offenbar der E.M.Z.- 
Kern so umgewandelt, dass er mit dem Dyadenkern bei normaler Ent- 
wicklung tibereinstimmt. In Anbetracht der analogen Entwicklung kann 
man kaum einen anderen Schluss ziehen. Ist er richtig, so muss die 
pseudohomotypische Teilung als ihrer Natur nach mit der homotypi- 
schen gleichartig betrachtet werden. Oben habe ich Tatsachen ange- 
fiihrt, die dafiir sprechen, dass die pseudohomotypische Teilung ihrer 
Natur nach ein Mittelding zwischen somatischer Teilung und heterotypi- 
scher Teilung darstellt. Ist das der Fall, so ist damit auch der Schluss 
gegeben, dass die homotypische Teilung ihrer Natur nach eine solche 
intermediadre Erscheinung ist. 

Fiir Wikstroemia ist oben gezeigt worden, dass bei Klonen, wo die 
Gametophytenbildung in der Regel durch Semiaposporie zu geschehen 
scheint, die Entwicklung des E.M.Z.-Kerns eine Verzégerung erfahrt, ver- 
glichen mit der bei nahestehenden Amphimikten. Die Verzégerung ist 
derart, dass die Vakuolenbildung in der Dyadenzelle, d. h. die Gameto- 
phytenbildung, ungefahr gleichzeitig damit geschieht, dass diese Erschei- 
nung bei den Amphimikten stattfindet. Bei Apomikten mit generativer 
Aposporie scheint die Verzégerung der ersten Teilung der E.M.Z. noch 
grosser zu sein als bei Wikstroemia (vgl. BERGMAN, 1935 b—c; STEBBINS, 
1932; AFZELIUS, 1936; GUSTAFSSON, 1935—39). Im letzteren Falle war, 
verglichen mit den Verhaltnissen bei den Amphimikten, eine Teilung 
>eliminiert» worden, im ersteren zwei. In beiden Fallen diirften also 
Vakuolisierung (die Gametophytenbildung) und die erste Teilung des 
Gametophyten ungefahr zu gleicher Zeit wie bei nahestehenden Amphi- 
mikten eintreffen. Eine Verzégerung ist meines Wissens zuvor nicht 
beobachtet worden, wenn Semiaposporie vorliegt. Es beruht dies vermut- 
lich darauf, dass die Verzégerung in diesem Falle nicht so ausgesprochen 
ist, wie wenn generative Aposporie vorhanden ist.. 

Auf Grund der eben angefiihrten Verhaltnisse hat GUSTAFSSON 
(1935, 1938, 1939) eine Hypothese iiber die Interrelation und Physiologie 
der Kernteilungen aufgestellt. Leider ist es recht schwer, tiberall zu 
verstehen, was er meint. Er scheint geltend machen zu_ wollen, 
dass die Meiosis sich von der Mitose durch andere Wassergehalts- und 
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Viskositatsverhaltnisse unterscheidet, dass die Meiosis sich gradweise (?) 
in Mitose umwandelt durch Veranderung des Grades von »hydration», 
»sap-intake» und Viskositat des Kerns und der Zelle, Dinge, von denen 
wir — und auch GUSTAFSSON — absolut nichts wissen. Entscheidend fiir 
die Beurteilung hier scheinen die Volumverainderungen der E.M.Z. und 
ihres Kerns und der Vakuolisierungsgrad des ersteren zu sein. Es ist 
mdglich, dass ich GuSTAFssONs Ausfiihrungen missverstehe und daher 
seine Hypothese — die indessen eher als eine erwiesene Tatsache dar- 
gestellt wird — nicht ihrem vollen Werte nach wiirdigen kann. In seiner 
letzten Arbeit geht jedoch GUSTAFSSON (1939) noch weiter. Hier will er 
Embryosackentwicklung nach dem Scilla- und Lilium-Typ (= tetra- 
sporische Embryosacktypen?) als Zwischenstadien zwischen Entwick- 
lung nach dem Normaltyp und nach dem Tarazacum- und Antennaria- 
Typ einschalten. Bei Entwicklung nach dem Normaltyp machten sich, 
meint er, »vacuolisation forces» erst geltend, nachdem »meiotic sub- 
stances» Meiosis hervorgerufen hatten und die Entwicklung bis zur Bil- 
dung von Zellentetraden fortgeschritten sei. Wenn »vacuolisation forces» 
sich schon nach der Bildung der Zellendyade geltend machten, sei das 
Resultat Scilla-Typ; wenn sie sich gleich nach dem Beginn der meioti- 
schen Prophase geltend machten, sei das Resultat Lilium-Typ; wenn sie 
sich schon vorher geltend machten, sei das Resultat, dass die Meiosis 
in E.M.Z. sich in eine pseudohomotypische oder somatisierte Teilung 
umwandle. Leider stimmen jedoch die Tatsachen durchaus nicht mit 
den Behauptungen tiberein, auf die seine Hypothesen sich stiitzen. In 
der Regel treten Vakuolen erst auf, nachdem vier Sporenkerne gebildet 
worden sind, gleichgiiltig ob die Entwicklung einem der mono-, bi- oder 
tetrasporischen Schemata gefolgt ist. Hier die ganze neuere embryologi- 
sche Literatur heranzuziehen, um GUSTAFSSON zu widerlegen, der selbst 
nicht durch Literaturzitate zeigt, woher er seine Angaben genommen 
hat (es sieht aus, als stammten sie lediglich aus Referaten von MopI- 
LEWSKIs und RUTGERs veralteten Ubersichten), erscheint mir unndtig. 
Von der Regel gibt es indessen einige wenige Ausnahmen (Adoza, 
Helosis, Limnanthes, Tulipa, um ein paar Beispiele zu nennen). Diese 
stehen nicht in irgendwelchem nachweisbaren Zusammenhang mit dem 
Entwicklungstyp, wenn auch die Ausnahmen vielleicht nicht unter den 
monosporischen Typen vorkommen. Bei einigen der Ausnahmen wer- 
den Vakuolen sehr friith angelegt. Die Meiosis ist demungeachtet nor- 
mal. Friihe Vakuolenbildung ist demnach nicht Ursache oder Kriterium 
einer »somatisierten» Teilung. 

In welchem gegenseitigen Zusammenhang die bei Aposporie und 
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Semiaposporie nachgewiesene Entwicklungsverspatung, die »Somatisie- 
rung» der E.M.Z.-Teilung und Vakuolenbildung zueinander stehen, lasst 
sich nicht entscheiden. Gegenwartig auf Grund morphologischer Beob- 
achtungen weitgehendere Schliisse betreffs der Physiologie der Kern- 
teilungen ziehen zu wollen, kann ohne weiteres als vollkommen zweck- 
los bezeichnet werden. 


Vor dem Abschluss dieser Arbeit ist es mir eine angenehme Pflicht, 
allen denen, die mir bei der Beschaffung des Materials behilflich gewe- 
sen sind oder in anderer Weise meine Arbeit unterstiitzt haben, meinen 
verbindlichen Dank auszusprechen. Unter diesen seien besonders er- 
wahnt Herr Dr. TH. VAN DEN HONERT (Buitenzorg), Herr Professor 
O. ROSENBERG (Stockholm), Herr Professor C. SKOTTSBERG (Gé6teborg) 
und Herr Dr. D. F. VAN SLOOTEN (Buitenzorg). 


ZUSAMMENFASSUNG. 


1. Die Grundzahl bei der Gattung Wikstroemia ist 9. 

2. Ein studierter agamogonischer Klon von Wikstroemia viridiflora 
(indica) ist intraspezifisch triploid. 

3. Triploidie und Agamogonie sind selten innerhalb der Gattung 
Wikstroemia. 

4. Die meisten Wikstroemia-Arten haben normale Pollenbildung 
und folgen in ihrer Embryosackbildung dem Normaltyp. 

5. Bei dem studierten agamogonischen W. viridiflora-Klon sind 
wahrend der Mikrosporogenese sehr verschiedene Teilungstypen vorhan- 
den. Eine stetige Reihe von relativ stark syndetischer Meiosis tiber 
stark oder total asyndetische Meiosis und pseudohomotypische Teilung 
zu rein somatischer Teilung hin ist nachgewiesen worden. 

6. Bei dem agamogonischen Klon zeigt die E.M.Z., allem nach zu 
urteilen, dieselben Variationen wie die P.M.Z. Am gewohnlichsten ist 
jedoch wohl pseudohomotypische Teilung oder semiheterotypische Tei- 
lung kombiniert mit Restitutionskernbildung. 

7. Bei dem agamogonischen Klon liegt meistens (?) Semiapo- 
sporie vor, die Embryosackbildung folgt hauptsachlich dem Taraxacum- 
Schema. In vereinzelten Fallen kénnen reduzierte Embryosiacke gebil- 
det werden. Dann treten wahrend der Entwicklung Zellentetraden auf. 

8. Die Asyndese wahrend der Meiosis bei Agamogonen wird als 
durch genbedingte »Somatisierung», nicht durch mangelnde Homologie 
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verursacht angenommen. Die polyploide, agamogonische Form wird in 
der Regel fiir intraspezifisch polyploid erklart. 


9. Es wird wahrscheinlich gemacht, dass die pseudohomotypische 


und die homotypische Teilung ihrer Natur nach gleichartig sind. 


10. Ein gegenseitiger Zusammenhang zwischen Vakuolenbildung 


und Embryosackbildung gemiass dem Normalschema, den bisporischen, 
den tetrasporischen Schemata, dem Taraxacum- oder dem Antennaria- 
Schema liegt nicht vor. 


10. 


11. 


12. 


13. 
14. 


15. 


16. 


17: 
18. 


19. 
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POLYPLOIDY IN PARTHENOGENETIC 
CURCULIONIDAE 


BY ESKO SUOMALAINEN 


INSTITUTE OF GENETICS, THE UNIVERSITY, HELSINKI, FINLAND 


(Preliminary Report) 





| genoa reproduction is very rare in Coleoptera, con- 
trary to many other orders of insects (cf. SZEKESSy, 1937). Most 
of the parthenogenetically reproducing species of beetles belong to the 
weevils, Curculionidae. Within this group parthenogenesis is com- 
paratively common in the subfamilies Otiorrhynchinae and Brachy- 
derinae. In other families of Coleoptera, however, only a few partheno- 
genetically reproducing species are at present known. As bisexual as 
well as parthenogenetic species are found in many genera of the above- 
mentioned curculionids, a study of their cytology affords an excellent 
opportunity of comparing the chromosomes in closely related bisexual 
and parthenogenetic species of animals. In the following pages a brief 
summary of some results of my studies concerning these matters will 
be given. 

The material used was collected in different parts of Finland. It 
was fixed in CARNOY’s fluid (6 : 3:1) and sectioned. The preparations 
were stained in HEIDENHAIN’s iron-hematoxylin or with the fuchsin 
sulphurous acid of FEULGEN. The drawings were made with the aid 
of an objective 120, ocular 25 and Abbe’s camera lucida (all »Zeiss»). 
The magnification is about 3000 X. 


I. THE BISEXUAL SPECIES. 


Since, as far as I am aware, nothing has been published about the 
cytology of true curculionids, I have also studied some bisexual species; 
they have as far as possible been selected from the same genera as the 
parthenogenetic species. The following results were obtained. 

Strophosomus capitatus (= Str. rufipes v. capitatus). — The di- 
ploid chromosome number of the species is 22. In the male there are 
11 chromosome bodies of different size in the metaphase of the first 
meiotic division (Fig. 1). The smallest is the unpaired X-chromosome, 
but ten are bivalents. The X precedes the others in the anaphase. 
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Thus in the metaphase of the second division there are two kinds of 
cells with respect to their chromosome complements, viz. one with 11 
and the other with 10 chromosomes. The males are thus heterogametic 
and belong to the XO-type. I have not been able to obtain pre- 
parations of male somatic divisions. In the female the metaphase of 
the first meiotic division (Fig. 2) shows 11 bivalents. The X-pair is 
smaller than the other bivalents. The oogenesis is completely normal. 
The females are thus homogametic. In the metaphases of female 
somatic divisions 22 long, often V-shaped, chromosomes can be seen 
(Fig. 3). Both X-chromosomes differ from the autosomes in being of 
a smaller size. 

Otiorrhynchus arcticus. — The diploid number of chromosomes 


Ves 
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1 2 S 
Figs. 1—3. Strophosomus capitatus. — Fig. 1. CO, first metaphase. — Fig. 2. Q 
first metaphase. — Fig. 3.9, blastomere mitosis. 


is 22. In the metaphase of the spermatogonia (Fig. 4) 22 chromosomes 
appear, one of which, the Y-chromosome, is considerably smaller than 
the others. The males of this species are thus of the XY-type. The 
X and Y pair in the first meiotic division, and so there are 11 bivalents 
of different size in the metaphase plate (Fig. 5). X and Y do not 
precede the other chromosomes in this species. There are two kinds 
of metaphase plates of the second division; in some the larger X and in 
others the smaller Y is present. In the female the metaphase of the 
first meiotic division also (Fig. 6) shows 11 bivalents. The paired 
X-chromosomes separate first (cf. the figure). As in the two following 
species I have not been able to obtain satisfactory preparations of 
somatic divisions. 

Polydrosus pilosus. — The diploid number of chromosomes is 22. 
The chromosome behaviour in this species is similar to that of Otior- 
rhynchus arcticus. The X- and Y-chromosomes appear paired in the 
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first meiotic division, there being thus 11 bivalents in the metaphase 
plate. In the metaphase plates of the second division either the larger 
X or the smaller Y is present. I did not obtain any clear preparations 
of the female meiosis, for the chromosomes are so closely packed 
together that no exact counts can be made. In another Polydrosus 
species, P. undatus, | have, however, ascertained beyond doubt the 
presence of 11 bivalents in the metaphase of the first meiotic division 
in the female. 

Hylobius abietis. — This weevil, which is more remotely related to 
the last mentioned species, also has the diploid number 22. With 
regard to the chromosomes the species is similar to Strophosomus 
capitatus, both belonging to the XO-type. In the metaphase of the first 
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Figs. 4—6. Otiorrhynchus arcticus. — Fig. 4. Spermatogonial metaphase; Y in the 
middle. — Fig. 5.d, first metaphase. — Fig. 6. 9,first metaphase; the X-chromo- 
somes (on the left, bottom) have already separated. 


meiotic division in the male there are 11 chromosome bodies of differ- 
ent size. The smallest is the unpaired X-chromosome; it clearly precedes 
in the first anaphase. 

To sum up, it may be said that all the bisexual species of weevils 
studied by me have the same number of chromosomes (2n = 22). The 
males are heterogametic, belonging either to the XO- or the XY-type; 
the females are homogametic. 


II. THE PARTHENOGENETIC SPECIES. 


It is to be expected that the cytology of parthenogenetic weevils 
is not devoid of interest from more than one point of view, for it 
should be noted that many of the species in question reproduce 
parthenogenetically within definite areas only, being bisexual in other 
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areas. On the other hand, if we examine exclusively parthenogenetic 
species we shall find that many of them have closely related bisexual 
species characterized only by slight external differences, having dis- 
tribution areas different from those of the former and usually south 
of them. For further information on these problems the reader is 
referred to papers, for instance, by PENECKE (1922) and SZEKESSY 
(1937). It may be pointed out that VANDEL (1932), in discussing the 
spanandrie and parthenogenesis in the weevils of the genus Trachy- 
phloeus, expresses the opinion that the parthenogenesis is accompanied 
by polyploidy. 

The chromosome numbers of the nine parthenogenetic species of 
curculionids studied by me, form an arithmetic series. They are 22, 
33 and 44 or at any rate a number very close to one of these figures. 
Since the diploid number of all the bisexual species examined is 22, 
it is obvious that among the parthenogenetic species there are, in 
addition to diploid species, also triploid and tetraploid. 


1. THE DIPLOID SPECIES. 


Only one of the species examined belongs to this group. 
Polydrosus mollis. — In the metaphase plates of the mature eggs 
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Fig. 7. Polydrosus mollis. Metaphase of maturation division, 22 chromosomes. 









22 chromosomes are plainly visible (Fig. 7). They are of different 
size, four being evidently larger than the others. The egg-cell passes 
through one maturation division only, which is equational. The 
somatic cells thus retain the normal diploid number, a fact I have 
verified. 


2. THE TRIPLOID SPECIES. 


Five of the examined species belong to this group. 
Otiorrhynchus ovatus. — The egg-cells of this species also pass 
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through one maturation division only, which is equational. There is 
accordingly no reduction. The number of chromosomes in the meta- 





Figs. 8—9. Otiorrhynchus ovatus. 33 chromosomes. — Figs. 10—11. Strophosomus 

melanogrammus. 34 chromosomes. — Fig. 12. Sciaphilus asperatus. 33 chromo- 

somes. — Figs. 8, 10 and 12 metaphase of maturation division. Figs. 9 and 11 
blastomere mitosis. 


phase plates of the maturation divisions varies between 30 and 34. This 
variation can be observed even among the eggs of one and the same 
female. I do not intend to discuss its causes in this connection. The 
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most common chromosome numbers are 32 and 33. The chromosomes 
are of varying size, more or less globular or somewhat oval (Fig. 8). 
Also the size of the plates varies considerably, the younger plates 
probably being larger. The maturation division being equational, the 
somatic cells retain the same number of chromosomes as the meta- 
phase of the maturation division. I have not been able to ascertain 
whether the number of chromosomes of Otiorrhynchus ovatus varies 
in somatic cells also, because of the difficulties of making exact counts 
in the latter. In the somatic metaphase shown in Fig. 9 there are 33 
long chromosomes, bent in the middle. They vary in size, but the 
different chromosome types are indistinguishable. 

Otiorrhynchus ligustici. — The eggs of this species, rare in Fin- 
land, are comparatively large and difficult to cut and therefore satis- 
factory preparations are not easily obtained. For that reason I have 
so far been unable to determine the chromosome number exactly. In 
four metaphase plates of the maturation division I found about 33—35 
chromosomes. It is noteworthy that in some eggs the chromosomes 
are in two different groups, one of which contains the diploid, the other 
the haploid number of chromosomes. (Cf. the cytology of Otiorrhyn- 
chus dubius, below). In the light of all this Otiorrhynchus ligustici 
must in my opinion be regarded as clearly triploid. 

Strophosomus melanogrammus. — The egg-cells of this species 
also pass through one maturation division only, which is equational. 
The number of chromosomes in the metaphase of the maturation 
division varies, as in Otiorrhynchus ovatus, being 31—35. The most 
common number is 34 ( Fig. 10). The size of the chromosomes in one 
plate varies considerably; in every plate there is one chromosome 
evidently smaller than the others. The equational split is often very 
distinct. The maturation division begins while the egg is still in the 
ovary, the eggs being at early anaphase when laid. The number of 
chromosomes remaining in the egg after the maturation division is the 
same as in the metaphase. In this species, too, I was not able to find 
out whether the chromosome number varies in somatic divisions. In 
the somatic metaphase pictured in Fig. 11 there are 34 chromosomes. 
The smallest one plainly differs from the others (top of the figure). 

Trachyphloeus bifoveolatus. — I have been unable to determine 
the exact number of chromosomes of this species, though I have 
examined fifteen sectioned ovaries. At metaphase the chromosomes 
are attached to each other, forming long, branched chain-like 
structures, the boundaries of the different chromosomes being difficult 
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to observe. In one metaphase plate I was able with a rather high 
degree of accuracy to count 32 chromosomes. In addition to this I also 
counted a little more than 30 chromosomes in four more plates. The 
triploid number of chromosomes is thus obvious in this species too. 

Sciaphilus asperatus. — The chromosome number of this species 
is 33. In the metaphase of the maturation division 33 chromosomes 
of different size are to be seen (Fig. 12); in them the equational split 
is nearly always visible. The chromosomes divide while the egg is 
still in the ovary. The chromatids begin to separate in the plane of 
the plate, so that one usually finds plates which seem to have more 
than 33 chromosomes. The sister chromatids, however, usually lie so 
clearly parallel that 33 chromosomes or chromatid pairs can also be 
ascertained in these cases. In one egg I found two metaphase plates, 
one of which had 22, the other 11 chromosomes. (Cf. the cytology of 
Otiorrhynchus dubius.) In the somatic cells I was able to ascertain 
the triploid number of chromosomes. 


3. THE TETRAPLOID SPECIES. 


Three of the species studied by me belong to this group. 

Otiorrhynchus dubius. — The chromosome number of this species 
is 44. I have not yet succeeded in ascertaining whether there is in this 
species a variation of the chromosome number corresponding to that 
found in certain other parthenogenetic species. It is interesting to 
note that in Otiorrhynchus dubius there are even in the same ovary 
several types of egg-cells different with respect to the grouping of the 
chromosomes in the metaphase of the maturation division. Four kinds 
of egg-cells can be distinguished: 

a) Egg-cells with all the 44 chromosomes in one group (Fig. 13). 
The metaphase plates thus show the tetraploid number. The chromo- 
somes vary in size, though the different types of the chromosomes 
cannot be distinguished. 

b) Egg-cells, in which the chromosomes form two different groups. 
In one plate there is the triploid number (33) and in another the 
haploid number (11) of chromosomes (Fig. 14). 

c) Egg-cells, the chromosomes of which are in two distinct groups, 
but with the diploid (22) number of chromosomes in each (Fig. 15). 

d) Egg-cells, in which there are three groups of chromosomes. 
One plate has in this case always the diploid number (22) and the two 
others the haploid number (11) of chromosomes. 
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These different chromosome plates are sometimes quite close to 
each other, but they may also be comparatively far apart. Their 
relative position also varies; they may be parallel, but also at right 
angles to each other. — In some eggs the chromosomes were in ir- 
regular groups. 

As already described, I found a corresponding phenomenon — 


although less commonly — in a few other parthenogenetic curculion- 
ids, viz. Otiorrhynchus ligustici, Otiorrhynchus scaber and Sciaphilus 
asperatus. 


I have not so far been able to find out how the maturation division 


13 14 15 
Figs. 13—15. Otiorrhynchus dubius. Metaphase of maturation division, 44 chromo- 
somes. — Fig. 13. Tetraploid plate. — Fig. 14. Triploid and haploid plate in the 
same egg. — Fig. 15. Two diploid plates in the same egg. 


and blastomere divisions take place in the eggs of different types in 
Otiorrhynchus dubius. 

Otiorrhynchus scaber. — The egg-cells of this species pass through 
a single maturation division only, which is equational. The chromo- 
some number in the metaphase plates of this division varies, as in 
Otiorrhynchus ovatus and Strophosomus melanogrammus, being 42— 
44, The most common number is 44 (Fig. 16). The chromosomes 
are relatively large and of varying size. Their shape is globular or 
somewhat oval. — Sometimes, but very rarely, I found two distinct 
groups of chromosomes. In these cases there was always found either 
the diploid number in both plates or the triploid number in one and the 
haploid in the other plate. (Cf. the cytology of Otiorrhynchus dubius, 
above.) — In the somatic cells of Otiorrhynchus scaber I was able to 
ascertain the tetraploid number of chromosomes. 
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Barynotus obscurus. — In the mature eggs of this species 44 chro- 
mosomes can be clearly seen (Fig. 17). They are very large, larger 
than in any of the other weevils studied. Their size is variable. In 
the middle they often show a clear constriction. I did not succeed in 
obtaining any preparations of the somatic divisions of this species. 


In summarising the cytology of the investigated parthenogenetic 
curculionids the following facts may be pointed out: 

Polydrosus mollis is diploid. 

Otiorrhynchus ovatus, O. ligustici, Strophosomus melanogrammus, 
Trachyphloeus bifoveolatus and Sciaphilus asperatus are triploid. 

Otiorrhynchus dubius, O. scaber and Barynotus obscurus are tetra- 
ploid. 





16 17 


Fig. 16. Otiorrhynchus scaber. Metaphase of maturation division, 44 chromosomes. 
— Fig. 17. Barynotus obscurus. Metaphase of maturation division, 44 chromosomes. 


The egg-cells pass through one maturation division only, which is 
equational. It is noteworthy that in some species the chromosomes at 
the metaphase of the maturation division may be arranged in two or 
even three different plates, each plate containing one or more complete 
sets of chromosomes. 


III. DISCUSSION. 


Although a common phenomenon in plants, polyploidy is com- 
paratively rare in the animal kingdom; see, for instance, KAWAGUCHI 
(1936, p. 129—130) and DoszHANsky (1937, p. 219—224). In a great 
many cases polyploidy appears in connection with parthenogenesis. 
Well known are the tetraploid and octoploid parthenogenetic races of 
Artemia salina (ARTOM, 1911; Gross, 1932), the triploid partheno- 








60 ESKO SUOMALAINEN 





genetic race of Trichoniscus provisorius (VANDEL, 1928), and the tetra- 
ploid parthenogenetic races of Solenobia triquetrella and S. lichenella 
(SEILER, 1923 and 1939). All these species have in addition a diploid 
bisexual and some also a diploid parthenogenetic race. 

MULLER (1925) assumed that the rarity of polyploidy in animals 
and its abundant occurrence in plants is due to the fact that most 
higher plants are monoecious, while animals are dioecious. Since the 
sex-determination in the latter is generally regulated by a sex-chromo- 
some mechanism, polyploidy may upset this mechanism and thus give 
rise to sexually abnormal and sterile forms (cf. also DOBZHANSKY, 
1937, p. 219—220). This danger is not present in parthenogenetically 
reproducing animals, the egg-cells of which have an equational division 
only, thus also in the parthenogenetic curculionids described in this 
paper. In these the chromosome sets and, accordingly, the relationship 
between sex-chromosomes and autosomes naturally remain unchanged. 

It is a well known fact. that many parthenogenetic species of 
plants are polyploid, as compared with other closely related bisexual 
species. WINGE (1917) and ERNST (1918) simultaneously advanced the 
view that polyploidy and, in connection with it, parthenogenesis have 
arisen as a consequence of the crossing of species. This assumption 
has been found to hold good with regard to many plants; see, for 
instance, ROSENBERG (1930, p. 57—59). ROSENBERG (p. 58) remarks, 
however: »Man kommt vielleicht den wahren Verhaltnissen ndaher, 
wenn man die Sache so ausdriickt, dass die Bastardierung nicht die 
Ursache der Parthenogenesis ist, sondern sie kann sehr wohl ein wich- 
tiges Moment sein fiir die Entstehung parthenogenetischer Formen und 
vielleicht sogar eine Voraussetzung dafiir, ohne dass jedoch ein eigent- 
liches Kausalverhaltnis zwischen den beiden Erscheinungen bestande>. 
The tendency to parthenogenetic development is, according to HOLM- 
GREN (1919, p. 112), inherent in the gametes, but it may not be able 
to take effect in haploid ones. 

When looking for the causes of polyploidy and parthenogenesis 
in animals, we must no doubt begin with the assumption that these 
phenomena can be produced in different ways in different forms. 
SEILER (1923, p. 83—84) is of opinion that as regards the partheno- 
genetic races of Solenobia »der Gedanke einer Artbastardierung als 
Ursache der Parthenogenese ausgeschlossen ist». He thinks (1923 and 
1939) that in Solenobia the parthenogenesis originally arose in a di- 
ploid form (there is a diploid parthenogenetic race of “Solenobia tri- 
quetrella) and that the chromosome number subsequently became 
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doubled by automixis or a similar fusion of two diploid nuclei. Some- 
thing of this kind has been found by Gross (1932) in Artemia. The 
polyploid races of Solenobia and Artemia should thus be autopolyploid. 
VANDEL (1928 and 1931) is of opinion that the polyploidy and partheno- 
genesis in Trichoniscus, too, have not arisen as a consequence of cross- 
ing, but more probably through the fertilisation of a diploid egg. 
VANDEL (1931, p. 318) says: »On voit done que jusqu’ici l’idée de 
Yorigine hybride des formes parthénogénétiques constitue, au moins 
dans le régne animal, une simple hypothése de travail», HEILBORN 
(1934, p. 236) also remarks that »the polyploidy hitherto known among 
animals is autopolyploidy . . .; animal allopolyploidy is as yet un- 
known», 

The question arises as to how the parthenogenesis and polyploidy 
in the curculionids arose. It seems clear to me that they need not 
necessarily have arisen simultaneously but that parthenogenesis may 
also arise in a diploid form (e. g. Polydrosus mollis), an opinion held 
also by SEILER (1923 and 1939) in the case of Solenobia. If we con- 
sider the behaviour of the chromosomes in the polyploid partheno- 
genetic curculionids, we find that at least in four out of nine species 
(most clearly in Otiorrhynchus dubius) there appears in the metaphase 
of the maturation division a kind of gonomery. This seems to indicate 
that in these curculionids the polyploidy has arisen as a result of 
crossing, that is to say, these species are allopolyploid. The fact that 
in triploid species a complete set of chromosomes and in tetraploid 
species one or two sets may be separated from the rest of the chromo- 
somes, proves in my opinion, that the sets in question are secondary 
and extraneous in origin. A new haploid set of chromosomes of this 
kind apparently does not always form a completely harmonious whole 
with the original diploid set, which always remains one single plate. 
Some influence may move it away from the latter, nevertheless keeping 
its chromosomes together. Evidence in favour of allopolyploidy is also 
afforded by the fact that the chromosome complement of Stropho- 
somus melanogrammus contains one small chromosome different from 
the others, instead of three, as we should expect if the species was 
autopolyploid. It seems to me most probable that the parthenogenesis 
of curculionids originally arose in diploid forms. We may further 
assume that a diploid parthenogenetic female in exceptional cases may 
pair with a male of either the species from which it has arisen or some 
other related species. SZEKESSY (1937, p. 579—581) has ascertained 
that the female genital parts of the parthenogenetic curculionids have 
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remained unchanged. If an egg-cell is fertilised under these circum- 
stances, a triploid parthenogenetic form is of course produced; this 
naturally presupposes that the fertilising sperm contains an X-chromo- 
some. Such a triploid female might further in the same way give rise 
to a tetraploid form. It has been pointed out (e. g. VANDEL, 1931, 
p. 316) that polyploid parthenogenetic races do not as a rule cross with 
diploid bisexual races. SEILER (1927 and 1939), however, has shown 
that in Solenobia, for instance, a cross of this kind may take place, 
though it cannot produce a permanent triploid race, because of the 
resultant intersexuality. — As I have found polynucleate spermatocytes 
in some bisexual species, I would not altogether reject the possibility 
of diploid gametes contributing to the polyploidy of curculionids. How- 
ever, as it is not certain whether they develop into functional sperms 
and even if they do, they contain for the most part sex chromosomes 
and autosomes in abnormal proportions (cf. DOBZHANSKY, 1937, p. 220), 
the part they play in this respect seems questionable. I have never 
found diploid eggs in bisexual curculionids. 

Discussing the importance of the crossing of species in the evolution- 
ary process, FEDERLEY (1932, p. 369—382) elucidates the causes that 
normally prevent the birth of constant species hybrids in animals. He 
remarks: »Fiir den Verlauf der Gametogenese eines Bastards sind die 
Chromosomenverhiltnisse von entscheidender Bedeutung». For a 
regular division of the chromosomes in the meiosis of the hybrids to 
be possible and for the hybrid to be fertile, it is necessary that the 
parent species both have the same chromosome number and that, 
further, there is a complete affinity between their chromosomes. These 
conditions are seldom fulfilled. Moreover, the gametes of the hybrids 
must be capable of forming a functional zygote. None of these con- 
ditions is, however, necessary in the crosses assumed by me to be the 
* cause of polyploidy in curculionids, since the hybrid is parthenogenetic 
and its eggs develop without reduction. FFEDERLEY (I. c.) also shows 
that in moth-hybrids the two sexes may occur at quite different times, 
and thus cannot pair. In the curculionids in question not even this 
can prevent the survival of the supposed hybrids, since they reproduce 
parthenogenetically. A change in the time of occurrence might con- 
ceivably in these species compel the new form to adapt itself to new 
ecological conditions, which, for its part, would favour the origin of 
geographical parthenogenesis. Thus, though in the curculionids studied 
the parthenogenesis and polyploidy need not have arisen simultaneously, 
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yet they are not independent of each other. Parthenogenesis has made 
polyploidy possible. 

Though it is generally supposed that polyploidy in animals is of no 
importance for the origin of species, my results seem to show that 
in parthenogenetic animals, the egg-cells of which develop without 
reduction, polyploidy plays a part in the formation of new species and 
consequently in the process of evolution itself. 
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LITERATURE CITED. 


1. ArTom, C. 1911. Analisi comparativa della sostanza cromatica nelle mitosi 
di maturazione e nelle prime mitosi di segmentazione dell’ uovo dell’ 
Artemia sessuata di Cagliari (univalens) e dell’ uovo dell’ Artemia parteno- 
genetica di Capodistria (bivalens). — Arch f. Zellforsch. 7, p. 277—295. 


2. DOBZHANSKY, TH. 1937. Genetics and the origin of species. — New York. 
3. Ernst, A. 1918. Bastardierung als Ursache der Apogamie im Pflanzenreich. — 
Jena. 


4. FEDERLEY, H. 1932. Die Bedeutung der Kreuzung fiir die Evolution. — 
Jenaische Zeitschr. f. Naturwissensch. 67, p. 364—386. 

5. Gross, F. 1932. Untersuchungen tiber die Polyploidie und die Variabilitat bei 
Artemia salina. — Naturwissensch. 20, p. 962—967. 

6. HEILBORN, O. 1934. On the origin and preservation of polyploidy. — Hereditas 
XIX, p. 233—242. 

7. HOLMGREN, I. 1919. Zytologische Studien iiber die Fortpflanzung bei den 
Gattungen Erigeron und Eupatorium. — Kungl. Sv. Vet.-akad. Handl. 59, 
N:o 7, p. 1—118. 

8. KawacGucuHI, E. 1936. Der Einfluss der Eierbehandlung mit Zentrifugierung 
auf die Vererbung bei dem Seidenspinner I. Uber experimentelle Aus- 
lésung der polyploiden Mutation. — Journ. of Fac. Agric., Hokkaido Imp. 
University 38, p. 111—133. 

9. MULLER, H. J. 1925. Why polyploidy is rarer in animals than in plants. — 
Amer. Natural. 59, p. 346—353. 

10. PENECKE, K. A. 1922. Neue Riisselkafer. — Wien. Entom. Zeitung 39, p. 
172—183. 

11. ROSENBERG, O. 1930. Apogamie und Parthenogenesis bei Pflanzen. — Handb. 
d. Vererbungsw. II L. 

12. SEILER, J. 1923. Geschlechtschromosomen-Untersuchungen an Psychiden. IV. 
Die Parthenogenese der Psychiden. — Ztschr. f. ind. Abst.- u. Vererb.-lehre 
31, p. 1—99. 








ESKO SUOMALAINEN 





SEILER, J. 1927. Ergebnisse aus der Kreuzung parthenogenetischer und zwei- 
geschlechtlicher Schmetterlinge. — Biol. Zentralbl. 47, p. 426—446. 

— 1939. Zur Fortpflanzungsbiologie einiger Solenobia-Arten. — Mitteil. 
Schweizer. Entom. Gesellschaft 17, Heft 9, p. 1—24. 

SzEKEssy, W. 1937. Uber Parthenogenese bei Koleopteren. — Biolog. General. 
12, p. 577—590. 

VANDEL, A. 1928. La parthénogenése géographique. Contribution a létude 
biologique et cytologique de la parthénogenése naturelle. — Bull. Biol. 
France Belgique 62, p. 164—281. 

— 1931. La Parthénogenése. — Paris. 

— 1932. La spanandrie, la parthénogenése géographique et la polyploidie (?) 
chez les Curculionides. — Bull. Soc. Entom. France 37, p. 255—256. 

WInGE, 9. 1917. Studier over Planterigets Chromosomtal og Chromosomer- 
nes Betydning. — Meddel. fra Carlsberg Labor. 13, p. 127—267. 




















ZUR GENETIK VON PHASEOLUS VULGARIS 


XV. UBER DIE VERERBUNG DER MEHRFARBIG- 
KEIT DER TESTA 


voN HERBERT LAMPRECHT 


SAATZUCHTANSTALT WEIBULLSHOLM, LANDSKRONA 


(With a Summary in English) 





EINLEITUNG. 


D*. Samen von Phaseolus vulgaris zeigen bekanntlich einen aus- 
serordentlichen Reichtum an verschiedenen, erblich bedingten 
Testafarben. Bisher sind etwa 60 verschiedene Testafarben genetisch 
analysiert. Zu diesen kommen ferner zahlreiche mehrfarbige und teil- 
farbige Typen sowie solche mit sog. »Abzeichen». 

Die mannigfaltigen Typen von Farbung der Testa kénnen zunachst 
in drei Hauptgruppen eingeteilt werden, namlich: 

1) Testa farblos, 

2) Testa ganzfarbig, und 

3) Testa teilfarbig. 

Samen mit farbloser Testa erscheinen zufolge zwischen dieser und 
den Keimblattern vorhandener Luft Weiss. 

Ganzfarbige Typen haben eine oder mehrere Farben iiber die 
ganze Testa verbreitet oder verteilt. Sie lassen sich in zwei scharf gegen- 
einander abgegrenzte Untergruppen einteilen: 

A) Einfarbige, 

B) Mehrfarbige. 

Bei den einfarbigen Typen zeigt die ganze Testa mit Ausnahme des 
Hilumrandes eine einheitliche Farbung. Die Farbung des Hilumran- 
des wird (s. LAMPRECHT, 1933, S. 250—252 und 1939b) durch einen 
pleiotropen Effekt der die Farbe der Testa im iibrigen bedingenden 
Gene verursacht. Anschliessend an den Hilumrand kénnen begrenzte 
Zeichnungen, sog. Abzeichen, vorkommen. Zu diesen gehéren u. a. 
Carunculastrich, Corona, Margo und Mikropylenstreifen (s. LAMP- 
RECHT, 1932b, 1933, 1934a und 1939b). Diese Abzeichen werden 
durch besondere Gene bedingt, sind aber in ihrer Ausbildung iiberdies 
vom Vorhandensein gewisser Farbgene in dominanter bzw. rezessiver 
Form abhangig. Abzeichen kénnen innerhalb aller Gruppen von Far- 
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bung der Testa, also auch bei mehrfarbigen und teilfarbigen, auftreten. 
In vorliegender Arbeit werden sie nicht beriicksichtigt. 

Die mehrfarbigen Typen werden dadurch charakterisiert, dass die 
Samenschale — abgesehen vom Hilumrand und von ev. Abzeichen — 
wenigstens zwei Farben aufweist, die mehr oder weniger regelmassig 
tiber die ganze Testa verbreitet sind. Bohnensamen, bei denen etwa die 
Halfte, ein Drittel usw. eine Farbe, der andere Teil eine andere Farbe 
aufweist, scheint es nicht zu geben. 

Mit Hinblick auf die verschiedene Zeichnung der mehrfarbigen 
Typen lassen sich diese wie folgt in vier Untergruppen einteilen: 

a) Gestreifte (gebanderte) Typen; 

b) Homozygot marmorierte (und iiberdies stets auch gestreifte) 
Typen; 

c) Heterozygot marmorierte Typen; 

d) Bespritzte Typen. 

Die Fig. 2—6 im weiteren Teil der Arbeit zeigen Reprasentanten dieser 
vier Gruppen. 

Eine Unterteilung der mehrfarbigen Typen kénnte auch auf Grund 
der Anzahl verschiedener Farben der Testa versucht werden. Eine 
solche Einteilung in 2-, 3- usw. farbige Typen ware jedoch im Ver- 
gleich mit der vorstehenden als wenig Aufschluss gebend und unklar 
zu bezeichnen, da die Zwei-, Drei- usw. Farbigkeit lediglich durch 
verschiedene Kombination der oben angefiihrten Gruppen a—d be- 
dingt wird. So sind Samen der Gruppen a) gestreift und c) hetero- 
zygot marmoriert stets nur zweifarbig. Homozygot marmorierte Sa- 
men, Gruppe b), sind stets dreifarbig (wenn dies auch mitunter bei 
dunkler gefarbten Samen schwer zu erkennen ist). Die Kombination 
von b) und ¢), also gleichzeitig homo- und heterozygot marmoriert, 
ist vierfarbig, usw. Die vorliegende Arbeit wird sich, wie schon der 
Titel angibt, ausschliesslich mit der Vererbung der Mehrfarbigkeit be- 
fassen. 

Die teilfarbigen Samen bilden die dritte Hauptgruppe (s. LAMP- 
RECHT, 1934b). Bei diesen Typen ist stets ein gewisser Teil der Testa 
Reinweiss. Der gefarbte Teil der Samenschale hat seinen Ausgangs- 
punkt stets vom Hilumrand. Samen, bei denen die Umgebung des 
Hilums weiss, andere Teile aber gefarbt sind, scheint es nicht zu geben. 
Die farbigen Partien auf der Testa dieser Typen zeigen, abgesehen von 
kleineren Variationen in der Ausbreitung, stets eine symmetrische An- 
ordnung zu beiden Seiten der Langsachse der Samen. Fig. 1 zeigt drei 
Samen mit verschiedener Teilfarbigkeit. Zu den teilfarbigen Typen 
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gehoéren also z. B. nicht Triibrosa auf Weiss gestreifte Samen, denn 
bei diesen ist die Farbe mehr oder weniger regelmassig iiber die ganze 
Testa verbreitet. Dieser Typus gehért also zu den ganz- und mehr- 
farbigen, Gruppe 2 A. Alles, was fiir die zweite Hauptgruppe, die ganz- 
farbigen Typen, gesagt worden ist, gilt auch fiir die teilfarbigen. Es 





Fig. 1. Drei Samen mit verschiedener Teilfarbigkeit. Links der bipunctata-Typus, 
in der Mitte der virgarcus- und rechts der sellatus-Typus. 


kénnen demnach auch diese einfarbig, verschieden mehrfarbig sowie 
mit verschiedenen Abzeichen auftreten. 


DIE VERERBUNG DER STREIFUNG DER TESTA. 


Der gestreifte (gebaénderte) Samentypus wird dadurch charakteri- 
siert, dass die Testa, seitlich betrachtet, auf hellerem Grunde ein, zwei 
oder mehrere Streifen (Bander) in dunklerer Farbe aufweist, die fast 
stets Unregelmassigkeiten zeigen und bald hier, bald da unterbrochen, 
zum Teil in kleinere Flecken aufgelést, bald miteinander mehr oder 
weniger verflossen sind. Wie Fig. 2 zeigt, verlaufen diese Streifen stets 
deutlich konzentrisch um das Hilum. Diesen Typus habe ich mehrmals 
aus Botanischen Garten unter der Bezeichnung Dolichos Zebra bzw. 
Phaseolus Zebra FINGERH. erhalten. Es handelte sich aber stets nur 
um eine Form von Phaseolus vulgaris, denn teils war diese Form ganz 
mit anderen Rassen von Ph. vulgaris iibereinstimmend, teils gab sie 
bei Kreuzung mit solchen ganz fertile Nachkommen. 

Die Vererbung der Streifung scheint zuerst von E. v. TSCHERMAK 
(1912) untersucht worden zu sein. Er kreuzte Flageolet purpurn mar- 
moriert (MS) mit Heinrichs Riesen (mS), erhielt in F, »marmorierte» 
Samen und in F, Spaltung nach 3 Marmoriert:1 Gestreift. Von 
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E. v. TSCHERMAK wird also zuerst das Symbol S verwendet. KAJANUS 
(1914) findet in einer Kreuzung Dominanz von Marmorierung iiber 
Streifung und Dominanz von Streifung iiber Einfarbigkeit. TJEBBES 
und KoOoImMAN (1919 und 1921 a, b, c) studierten Kreuzungen zwischen 
gestreiften (S) und einfarbigen (s) Samentypen. Sie fanden (1919) in 
einer Kreuzung zwischen »Haricot de Prague marbré nain» und 
»Haricot brun clair nain» in F, Spaltung nach 1 Schamois Weinrot 
gestreift : 2 Hellbraun/Schamois marmoriert und Weinrot gestreift : 1 
Hellbraun. Je ein Viertel der F.-Samen entsprach also den Eltern. 
Mit Hinblick auf die anscheinend monohybride Spaltung nahmen die 
Verfasser an, dass das Gen S die Hellbraune Farbe in Weinrot umwan- 





Fig. 2. Drei Samen vom gestreiften Typus (RS). Linker aus L. 9, Souvenir de Deuil, 
die beiden rechten aus »Dolichos Zebra» (= L. 145 von Ph. vulgaris). 


delt und diese Farbe iiberdies nur als Streifen auftreten lasst. — Die 
Marmorierung war zweifellos auf Heterozygotie in C (von TJEBBES 
und KOOIMAN mit B bezeichnet) zuriickzufiihren. Diese Verfasser 
nehmen daher (1921 a) vollkommene Repulsion zwischen S und C an. 
Bald darauf (1921 b) studierten sie eine spontane Kreuzung mit Stok- 
Kievitsboon als Mutter. In dieser trat Streifung auch in anderen Far- 
ben, Blauviolett und Braunschwarz auf. Es wurden daher zwei weitere 
Gene, Bl und Z, angenommen. Bl sollte die roten Streifen in Blau- 
violette und Z in Braunschwarze umwandeln. Das Gen Bl ist identisch 
mit V, welche Bezeichnung fiir dieses Gen schon von JOHANNSEN (1909) 
verwendet worden ist. Z ist kaum sicher zu identifizieren, diirfte aber 
am ehesten B sein. Das Symbol Z wurde von E. v. TSCHERMAK (1912) 
zuerst als Bezeichnung eines Gens fiir Teilfarbigkeit benutzt. 
Nachdem TJEBBES und KOOIMAN spater auch einfarbig »Rote» 
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Samen (Canadian Wonder) kennen lernten, spricht TJEBBES (1931) 
von zwei Genen R und S, wobei R die rote Farbe und S die Streifung 
verursachen soll. Zwischen beiden soll sehr starke Koppelung bestehen 
und Gleiches soll mit C der Fall sein. TJEBBEs berichtet 1. c., dass er 
unter 6500 Pflanzen fiinf Umkombinationen zwischen C (= B) und RS 
und vier zwischen R und S gefunden hat. Die Bezeichnung R fiir den 
»Rotfaktor> wurde von TJEBBES gewahlt. SHAW and NorTOoN (1918) 
sprachen von einer Gelb-Schwarz- und von einer Rot-Serie, die sie 
durch ein Gen M bzw. M’ bedingt erachten. Das Symbol R wurde von 
mir (LAMPRECHT, 1933) fiir das Farbgen iibernommen, das allein zu- 
sammen mit dem Grundgen P die Testafarbe Blass Triibrosa bedingt. 
Es gibt zusammen mit den verschiedenen anderen Farbgenen von 
Phaseolus vulgaris nicht nur Rote Farbténe, wie SHAW and NORTON 
annahmen, sondern Rote, Violette, Blauliche, Graue Farben und 
Schwarz. 

Fiir das Verstandnis der Wirkung des Gens S ist sein Verhalten zu 
den verschiedenen Testafarbgenen entscheidend. Und iiber dieses ist 
bisher nur sehr wenig bekannt. TJEBBES erwahnt nur das Vorkommen 
von zwei gestreiften Typen, einen mit Weinroten und einen mit 
Schwarzblauen Streifen. Im folgenden sollen die Ergebnisse von Kreu- 
zungen mitgeteilt werden, die die Wirkung von S auf die nunmehr gut 
analysierten Farbgene C, J, G, B, V und R in gewissem Ausmasse 
klarlegen. 

Zur Charakteristik und Bezeichnung der Farben werden benutzt: 

RC = Répertoire de Couleurs publié par la Société frangaise des 
Chrysanthémistes et RENE OBERTHUR, Paris 1905. 

CS =Color Standards and Nomenclature by ROBERT RIDGWAY, 
Washington 1912. 

FT = Farbentafeln nach OSTWALD, bearbeitet von der Deutschen 
Werkstelle fiir Farbkunde. 

Kreuzung Nr. 58, Linie 9 X Linie 27. — Linie 27 stammt aus der 
franzésischen Wachsbohne De Digoin und hat die Formel P c J g bur; 
ihre Testafarbe ist in Ubereinstimmung hiermit Rohseidengelb (vgl. 
LAMPRECHT, 1932a). Linie 9 stammt aus der franzésischen Brech- 
bohne Souvenir de Deuil; ihre Samen haben die Testafarbe Amethyst- 
violett gestreift auf Rohseidengelbem Grund. Fiir diese Zeichnung der 
Testa wird im folgenden stets einfacher geschrieben Amethystviolett 
S/Rohseidengelb. Fig. 2 zeigt das Aussehen solcher Samen. In typi- 
scher Ausbildung entspricht die Farbe der Streifen Améthyste Nr. 197 
im RC. Sie zeigt wenig Variation, mitunter ist sie etwas dunkler und 
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ein wenig blaulicher. Sie diirfte mit TJEBBES’ »striées bleu grisAtre» 
iibereinstimmen. Die Grundfarbe Rohseidengelb dunkelt schnell nach 
und wird in wenigen Jahren Abgestorben Laubgelb (RC 321/3). Damit 
bekommen auch die Streifen ein anderes Aussehen, ihre Farbe wird mit 
Braunlich durchsetzt. 

Die auf der ersten Generation dieser Kreuzung erhaltenen Samen 
waren jenen der einen Elternlinie, Nr. 9, sehr ahnlich. Sie unterschie- 
den sich nur darin, dass der Rohseidengelbe Grund einen mehr oder 
weniger deutlichen Anflug von Hell Amethystviolett zeigte. 

In der zweiten Generation wurde eine Aufspaltung in finf ver- 
schiedene Testafarben beobachtet. Tab. 1 zeigt die erhaltenen Indivi- 
duenzahlen und Farben. Von diesen sind bisher genetisch analysiert 


TABELLE 1. Aufspaltung des Bastards PP cc JJ gg bb Vv Rr Ss in F: 




















von Kr. 58. 

| 

Sn ae ee a 4 Anzahl Pflanzen D/m fir 
| Gefunden Erwartet | 12:24:12:12:4 | 
i | 
Amethystviolett S/Rohseidengelb...... 104 | 9244 | im | 
Amethystviolett Ss/Rohseidengelb mit | | 
violettem Anflug ......................00002 183 | 184,87 0,17 
Eisenhutviolett........................cesceseee | 92 | 92,44 0,05 | 
| Weinrot S/Rohseidengelb ............... 87 | 92,44 | 0,64 | 
| Rohseidengelh .........0...060.s0cccsee0.c0000 27 | 30,81 0,71 | 


Rohseidengelb, P J, und Eisenhutviolett, P J V (s. LAMPRECHT, 1939 a). 
Da Weinrot S/Rohseidengelb die Gene R und S enthalt, haben wir es 
hier demnach mit einer Spaltung in den drei Genen V, R und S zu tun. 
Bei einer Dreigenenspaltung sind 8 verschiedene Homozygoten zu er- 
warten. Hier wurden nur vier erhalten. Die fiinfte Farbe, Amethyst- 
violett Ss/Rohseidengelb mit violettem Anflug, hat sich, wie schon die 
Schreibweise andeutet, als in S heterozygot herausgestellt. Sie spaltete 
in F; stets in S, zum Teil auch in V. Zu den Testafarben mit Streifen 
(SS und Ss) ist zu bemerken, dass die Grundfarbe, in vorliegender 
Kreuzung Rohseidengelb, stets eine schwache Ténung aufweist, die von 
der Farbe der Streifung herriihrt. So ist der Rohseidengelbe Grund bei 
Samen mit Weinroten Streifen stets ein wenig Rosa getont. 

Der vollstandige Ausfall an vier Genotypen ist hier auf die sehr 
starke Koppelung zwischen R und S zuriickzuftthren. Mit Hinsicht 
hierauf ergibt sich fiir F, das folgende Spaltungsschema, das in voller 
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Ubereinstimmung steht mit den in Tab. 1 mitgeteilten Spaltungsergeb- 
nissen. Diese zeigen: 
1) Starke Koppelung zwischen S und R. Unter den 393 F,-Indivi- 














36 VRS, Amethystviolett S und 
36 R Ss/Rohseidengelb 
F,: 48 V 0VRs 
PP ce JJ gg bb Vv ors 
Rr yo ; 12 r )149 Vrs Eisenhutviolett 
Amethystviolett Ss/Roh- 12 vRS Weinrot S und Ss/Roh- 
seidengelb mit ame- 12 R seidengelb 

thystviolettem Anflug. 16 v OvRs 
OvrSs 


4r 





4 vrs Rohseidengelb 
Spaltungsschema fiir F2 von Kreuzung Nr. 58, L.9 X L. 27. 


duen ist kein einziger Koppelungsbruch zwischen S und R beobachtet 
worden. 

2) Das Gen S begrenzt in homozygoter Form sowohl die Farben- 
wirkung von R wie von V auf die Streifen. Bei Heterozygotie in S 
wird die durch V bedingte Farbe nicht vollstandig auf die Streifen 
begrenzt, sie tritt in schwacherer Ausbildung, als deutlich amethyst- 
violetter Anflug auch auf der iibrigen Grundfarbe, Rohseidengelb, auf. 

3) Auf das Gen J, das die Rohseidengelbe Grundfarbe bedingt, 
scheint S keinerlei Einfluss zu haben. 

Ob das Gen S nur bei Anwesenheit von R in dominanter Form die 
Streifung bedingt, kann wegen der starken Koppelung mit RF einst- 
weilen nicht entschieden werden. Ist dies nicht der Fall, so sollten bei 
geniigend grossem Material auch Individuen mit Samen erhalten wer- 
den, die eine Eisenhutviolette Streifung auf Rohseidengelbem Grund 
zeigen: JV Sr. Wiirde S auf Rohseidengelb (J) allein wirken, so soll- 
ten Samen mit Rohseidengelber Streifung auf Weiss erhalten werden 
k6énnen, analog wie Triibrosa S/Weiss Samen bekannt sind (z. B. Sorte 
Heinrichs Riesen). 

Kreuzung Nr. 55, Linie 9 X Linie 32. — Linie 9, P J] V RS, wurde 
in voriger Kreuzung erwahnt, L.32 stammt aus der franzdsischen 
Brechbohne Coco marbré und hat die Formel P J RS. Thre Samen sind 
also demgemass Weinrot S/Rohseidengelb. F, dieser Kreuzung zeigte 
die Testafarbe Amethystviolett S/Rohseidengelb, aber da S homozygot 
ist, ohne den Amethystvioletten Anflug auf der Grundfarbe Rohseiden- 
gelb, so wie dies in Kr. 58 beobachtet worden ist. In F, wurde, wie 
erwartet, nur monohybride Spaltung im Gen V beobachtet. Es wurden 
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gefunden 48 Amethystviolett S/Rohseidengelb : 11 Weinrot S/Rohseiden- 
gelb. D/m fiir 3 : 1 = 1,13, also gute Ubereinstimmung mit dem theo- 
retisch erwarteten Zahlenverhaltnis anzeigend. 

Kreuzung Nr. 51, Linie 9 X Linie 29. — L. 9 vgl. Kreuzung Nr. 58. 


TABELLE 2. Die Aufspaltung des Bastards PP Cc Jj gg bb Vv Rr Ss 
in F, von Kreuzung Nr. 51. 











| Anzahl Indi-| 












































viduen | 
Genenspaltung Testafarben |_——__——_—_| D/m 
|Gefun-| Er- | 
| den |wartet | 
i eenerereren Veilchenviolett............ 148 | 135,28) 1,18 | 
cobiall  . ee co | REE 50 | 45,09] 0,75 | 
64 CC OW ciniccnsisin|] Se OO ack asiuvaieswens 31 45,09| 2,15 | 
16 j | 4v............| Geschwefeltes Weiss.../ 14 | 15,03) 0,27 | 
72 V Rr Ss...| Schwarzviolett Ss/Veil- | 
chenviolett/Rohsei- | 
dengelb mit violet- 
96 J tem Anflug ............ 255 | 270,56| 1,12 | 
24 v Rr Ss...| Dunkel Weinrot Ss/- 
Schamois/Rohseiden- | 
128 Ce GEID oes cseeneereeeeesee | LOL | 90,10} 1,20 | 
RF: 24 V RrSs...| Dunkel Drab  Ss/Hell 
ais 32 j Umbra/Weiss ......... 88 | 90,19) 0,24 | 
8 v Rr Ss...| Hell Lila Ss/Geschwe- 
feltes Weiss/Weiss... 32 30,06} 0,36 
27RS Amethystviolett S/Roh- 101,06] 0,12 
36 V seidengelb ............... 134 |) 99 44 
eos 9 r s| (Eisenhutviolett) ......... ‘ 
9RS| Weinrot S/Rohseiden- 
33,82| 0, 
12 v alii 49 aa. 
3 r s| (Rohseidengelb) ......... ; 
64 cc 
| 9RS| Drab S/Weiss ............| 44 | 33,82) 0,17 
12 V 
3 rs| Blass Glaucescens ...... 1 11,27] 
16 7 
J 3 RS| Triibrosa S/Weiss ...... ‘14 | 11,27) 0,27 
4 
zi 1 r s| Reinweiss .................. 1 3,76 





L. 29 stammt aus der franzésischen Brechbohnensorte de la Chine und 
hat die Formel PCjgburs. Der F,-Generation soll demnach die 
Formel PP Cc Jjgg bb Vv Rr Ss zukommen. Da Heterozygotie in C 
besteht, sollen die auf F, erhaltenen Samen marmoriert und im Zusam- 
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menhang mit S iiberdies gestreift sein. Dies traf zu. Die Samen zeigten 
die Farbe Schwarzviolett S/Veilchenviolett/Rohseidengelb mit Violettem 
Anflug. Die in F, erhaltenen Resultate sind in Tab. 2 zusammen- 
gefasst. 

Tab. 2 zeigt, dass die 962 F.-Individuen sich auf 14 verschiedene 
Testafarben verteilen liessen. Zwei Farben, Blass Glaucescens und 
Reinweiss sind allerdings nur mit je einem Individuum vertreten. 
Unter der Voraussetzung, dass die Koppelung zwischen den drei Genen 
C—R—S so stark ware, dass es bei vorliegender Individuenanzahl zu 
keinem Koppelungsbruch kommt, sollten nur 12 verschiedene Testa- 
farben auftreten. Wie aus der Kolonne Genenspaltung in der Tabelle 
hervorgeht, reprasentieren gerade die beiden vorhin erwahnten Testa- 
farben mit je nur einem Individuum einen Koppelungsbruch zwischen 
einerseits C und andererseits R—S. Der Crossingoverprozent betragt 
hier noch nicht 0,5 %. Erwahnt sei, dass bei der Berechnung der Werte 
fiir D/m auf die genannten beiden abweichenden Individuen keine Riick- 
sicht genommen worden ist; die hierdurch bedingte zahlenmassige 
Anderung ist véllig belanglos fiir die Beurteilung der Ergebnisse. 

In den anderen Testafarben, die durch einen solchen Koppelungs- 
bruch entstehen k6nnten, namlich Eisenhutviolett und Rohseidengelb 
sowie Gestreift auf den Farben Veilchenviolett, Schamois, Hell Umbra 
und Geschwefeltes Weiss, wurde kein Individuum erhalten. Die Spal- 
tungsergebnisse zeigen ferner, dass zwischen R und S kein einziger 
Koppelungsbruch hat festgestellt werden kénnen. Ganz- und einfarbige 
Samen mit R, wie z. B. Pflaumenviolett usw., fehlen demnach voll- 
standig. Streifung konnte daher nur beobachtet werden bei Cc- und 
cc-Individuen. Die in C heterozygoten Pflanzen sind daher auch gleich- 
zeitig stets in R und S heterozygot. Entsprechend dieser Konstitution 
tritt die Streifung auf Cc-marmoriert auf. Bei dieser sog. Heterozygot- 
marmorierung entsprechen die dunkleren Flecken dem Genotypus mit 
CC, der hellere Grund demjenigen mit cc, aber mit im iibrigen gleicher 
Konstitution fiir die Testafarbe. Die Farbe der Streifen ist bei diesen 
Typen, wie die Namen angeben, stets eine etwas dunklere. Von der 
durch Heterozygotie in R bei ganzfarbigen R-Samen bedingten schwa- 
chen, hauptsichlich um das Hilum erkennbaren Marmorierung (vgl. 
LAMPRECHT, 1934 c) ist bei diesen gestreiften Typen nichts wahrzu- 
nehmen. 

Kreuzung Nr. 51 hat die genetische Analyse von zwei weiteren 
gestreiften Testafarben erbracht, namlich: Drab S/Weiss, PV RS, und 
Triibrosa S/Weiss, PRS. Da die Drab-Streifung auf Reinweissem 
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Grunde auftritt, besagt dies, dass das Gen S auch die durch V bedingte 
Farbe Blass Glaucescens auf die Streifen vereinigt. Gleiches ist schon 
in Kr. 58 bei der Farbe Amethystviolett S/Rohseidengelb festgestellt 
worden. 

Die Farbe der Drab Streifen entspricht — wenn typisch — im CS 
Drab bis Hair-Brown, XLVI, 17””, 0—1, im RC am nachsten Fischotter- 
farbig, 354/3—4. Die Farbe zeigt, wie fast alle mit V in ihrer Konstitu- 
tion, eine betrachtliche Variation; Aschfarbig, RC 358/2—4 iiber Fischot- 
terfarbig bis zu Neutraltinte, RC 361/2—4. Bei ersterer tritt die Wirkung 
von V starker zutage, bei letzterer die von R. Die Farbe der Triibrosa 
Streifen entspricht im CS etwa Pinkish Vinaceous, XXVII, 5”, d, im RC 
Rotlich Lila, 179/1. Nicht selten ist diese Farbe etwas blasser und 
weniger rein R6tlich Lila, mehr Schmutzig Rosa; doch ist die Variation 
nicht bedeutend. 


TABELLE 3. Die Aufspaltung des Bastards PP cc jj gg bb Vv Rr Ss in 
F, von Kreuzung Nr. 142. 





























| Anzahl Individuen | 
Genenspaltung Testafarben D/m 
| Gefunden Erwartet 
oy {9 RS...| Drab S/Weiss ...... 540 565,01 | 1,61 
PF: | 3 rs | Blass Glaucescens 208 188,44 | 1,58 
“3 are i RS ...| Triibrosa S/Weiss; 195 188,44 0,53 
Y \irs a Reinweiss ............ | 72 62,81 1,20 





Kreuzung Nr. 142, Linie 107 X Linie 118. — Linie 107 stammt aus 
einer spontanen Kreuzung in Flageolet Wachs. Ihre Konstitution hin- 
sichtlich Testafarbe ist Pc jgbVr. In Ubereinstimmung hiermit zeig- 
ten die Samen die Farbe Blass Glaucescens. Linie 118 stammt aus der 
Brechbohnensorte Heinrichs Riesen. Sie hat die Formel Pcjg bu RS, 
also der Farbe Triibrosa S/Weiss entsprechend. Die auf der F,-Gene- 
ration erhaltenen Samen zeigten die Farbe Drab S/Weiss, also eine 
schon aus voriger Kreuzung bekannte Testafarbe. 

Die in F, erhaltenen Spaltungsergebnisse sind in Tab. 3 wieder- 
gegeben. Sie zeigen das erwartete Resultat. Infolge der starken 
Koppelung zwischen R und S wurden nur vier Testafarben gefunden, 
die in dem bifaktoriellen Verhaltnis 9:3:3:1 auftraten. Die zahlen- 
missige Ubereinstimmung ist durchweg gut. Neue Testafarben sind 
hier nicht aufgetreten. Die Ergebnisse bestatigen nur die bereits friiher 
gefundenen. Unter den 1015 F.-Individuen konnte nicht ein einziger 
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Koppelungsbruch zwischen den beiden Genen R und S festgestellt 
werden. 

Kreuzung Nr 367, Linie 190 X Linie 201. — Linie 190 stammt von 
einer durch spontane Kreuzung in der schwedischen Braunen Bohne 
Apollo aufgetretenen Pflanze. Die Samen dieser Linie zeigen die Testa- 
farbe Mahagonibraun S/Rohseidengelb. Linie 201 stammt aus meiner 
Kreuzung Nr. 12 (s. LAMPRECHT, 1932 a) und hat Reinweisse Samen, 
sowie die Konstitution P mit allen Farbgenen in rezessiver Form. Die 
Formel von Linie 190 hat sich erst aus vorliegender Kreuzung ergeben, 
sie ist PcJGbvuRS. 


TABELLE 4. Die Aufspaltung des Bastards PP cc Jj Gg bb vv Rr Ss 
in F, von Kreuzung Nr. 367. 





























| Anzahl Individuen|  _—‘| 
| 
Genenspaltung Testafarben | D/m 
| Gefunden| Erwartet | 
| | 
Mahagonibraun SS/- | | | 
27 RS||__ Rohseidengelb......... | 148 | 143,86 | 0,38 
Mahagonibraun _ Ss/- | 
36 G Hell Maisgelb ......... | 287 | 287,72 | 0,0s 
“ad 9 rs | Maisgelb ‘ | 152 | 143,86 | 0,73 
9 RS| Weinrot S/Rohseiden- | | | 
12 9 ick) | Se 
F,: 3 rs | Rohseidengelb ......... | 48 | 47,95 | 0,01 
9 RS} Hell Braunrot S/Speck- | | 
12 G WEISS seers | 135 | 143,86 | 0,80 
16 j 3 rs | Speckweiss ............./ 61 | 47,95 | 1,95 
4g 3 RS| Triibrosa S/Weiss...... 43 47,95 | 0,73 
1 rs | Reinweiss.................. | 13 | 15,98 | 0,76 | 





Da die eine Elternlinie, Nr. 201, samtliche Farbgene rezessiv hat, 
und beide in c rezessiv sind, ware zu erwarten gewesen, dass die auf 
F, erhaltenen Samen in der Farbe ganz mit dem des einen Elters, L. 190, 
iibereinstimmen sollten. Die durch die Gene J und G bedingten Farben 
zeigen ja sonst vollkommene Dominanz. Dies war indessen nicht der 
Fall. Die Farbe dieser Samen war nicht Mahagonibraun S/Rohseiden- 
gelb sondern Mahagonibraun Ss/Hell Maisgelb. Die Grundfarbe war 
Maisgelb, der Formel P J G entsprechend, aber etwas heller. Die Er- 
klarung dieser Erscheinung gibt die F.-Generation. Die Spaltung in 
dieser ist in Tab. 4 wiedergegeben. 

Tab. 4 nimmt 9 verschiedene Testafarben auf. Wie ersichtlich 
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fand eine Spaltung in 4 Genen, J, G, R und S, statt. Zwischen R und S 
konnte auch in dieser Kreuzung mit insgesamt 1023 Individuen kein 
einziger Koppelungsbruch beobachtet werden. Es verbleibt also nur 
Spaltung in drei Genen, da RS als ein einziges Gen zu wirken 
scheint. In diesen drei Genen wird normale Spaltung, dem Verhaltnis 
27:9:9:9:3:3:3:1 entsprechend, gefunden. Die gefundenen Indi- 
viduenzahlen stimmen gut mit den theoretisch erwarteten iiberein; 
die Werte fiir D/m variieren zwischen 0,01 und 1,95. 

Drei neue, bisher nicht analysierte Testafarben wurden konsta- 
tiert: Mahagonibraun S/Rohseidengelb, Mahagonibraun Ss/Hell Mais- 
gelb und Hell Braunrot S/Speckweiss. Die Mahagonibraunen Streifen 
entsprechen im CS Mahogany Red, II, 7, k, im RC Mahagonibraun, 
335/1—2. Die Variation dieser Farbe ist ziemlich gering, mitunter ist 
sie heller. Die Farbe Mahagonibraun Ss/Hell Maisgelb beruht, wie 
schon die Schreibweise Ss andeutet, auf Heterozygotie im Gen S. Damit 
folgt natirlich auch stets Heterozygotie im Gen R. Die Resultate in F; 
bestatigten dies. Solche Samen spalteten namlich stets wenigstens in S 
und R. Hieraus kann der Schluss gezogen werden, dass S auch das 
Gen G beeinflusst. PJ G-Samen sind Maisgelb, P J G R S-Samen sind 
nicht Rot gestreift auf Maisgelb, sondern Mahagonibraun gestreift auf 
Rohseidengelb. Die Grundfarbe entspricht also der Formel PJ und 
nicht PJ G. Der durch G bedingte Farbeneffekt wird demnach durch 
S auf die gleichen Stellen der Samen, d. h. auf die Streifen, begrenzt 
wie dies hinsichtlich R der Fall ist. Bei Heterozygotie in S ist diese 
Wirkung indessen nur schwach zutagetretend, der Grund der Samen- 
schale ist dann Hell Maisgelb, sowie dies schon in F, beobachtet wor- 
den ist. Diese Erscheinung bildet ein Gegenstiick zu den Samen der 
Konstitution Pc JV RS. Diese zeigten (s. Kreuzung Nr. 58) die Farbe 
Amethystviolett S/Rohseidengelb, aber bei Heterozygotie in S war die 
Grundfarbe Rohseidengelb mit violettem Anflug. Durch SS wird also 
sowohl die Farbwirkung von G (bei Anwesenheit von J) wie von V auf 
die Streifen begrenzt, aber bei Heterozygotie ist diese Wirkung nur eine 
teilweise, denn zum Teil kommt der Effekt dieser beiden Gene dann 
auch auf der Grundfarbe zur Geltung. Die zweite in vorliegender Kreu- 
zung neu erwahnte Farbe ist Hell Braunrot S/Speckweiss. Die Hell 
Braunrote Farbe der Streifen entspricht im CS Terra Cotta bis Ocker 
Red, XXVII, 5” i—XXVIII, 7”; bei besonders guter Ausbildung kann die 
Farbe Deep Corinthian Red, XXVII, 3” i, erreichen. Im RC stimmt 
sie am besten mit Blutrétlich Braun, 337/1, iiberein; jedoch ist die Farbe 
gewohnlich etwas rétlicher. Die Grundfarbe Speckweiss hat hier ebenso 
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wie bei Weinrot S/Rohseidengelb gewohnlich einen schwach rétlichen 
Anflug. Ein weiterer Einfluss von S ist bei der hier sehr hellen Grund- 
farbe Speckweiss (G) nicht wahrzunehmen. 


Ein Riickblick auf die Resultate der vorhin besprochenen fiinf 
Kreuzungen ergibt folgendes. Es wurde die genetische Konstitution 
folgender gestreifter Testafarben festgestellt: 

Triibrosa S/Weiss, Pcjg bu RS, 

Weinrot S/Rohseidengelb, Pc J g bu RS, 

Drab S/Weiss, PcjgbV RS, 

Hell Braunrot S/Speckweiss, Pc j Gbu RS, 

Amethystviolett S/Rohseidengelb, Pc J g bV RS, 

Amethystviolett Ss/Rohseidengelb mit violettem Anflug, P c J gb 
V RSs, 

Mahagonibraun S/Rohseidengelb, PcJGobvuRS, 

Mahagonibraun Ss/Hell Maisgelb, Pc J GbuRSs. 

In bezug auf die von TJEBBES (1931) aufgestellte Koppelungs- 
gruppe C—R—S wurde folgendes festgestellt. C—R zeigten sehr starke 
Koppelung. Unter 962 Individuen (F.) wurden 2 Koppelungsbriiche 
gefunden. TJEBBES hat hierfiir unter 6500 Individuen 5 Koppelungs- 
briiche beobachtet. Zwischen R und S konnte von mir unter den hier 
mitgeteilten F.-Generationen mit insgesamt 3552 Individuen kein ein- 
ziger Koppelungsbruch festgestellt werden. Hier ist noch zu erwahnen, 
dass die genannten Kreuzungen auch in F; und F, sowie weitere 12 
Kreuzungen studiert worden sind, in denen R und S spalteten. Dieses 
Material umfasst im ganzen etwa 16.000 Individuen. Aber im ganzen 
Material ist kein einziger sicherer Fall von Koppelungsbruch beobach- 
tet worden. Es fiihrt dies auf den Gedanken, dass es sich nur um ein 
einziges Gen handeln kénnte, dass die rote Streifung der Testa bedingt, 
namlich das Gen S, sowie dies von TJEBBES und KOOIMAN (1921 a) 
zuerst angenommen worden ist. Und dass das Gen R, das u. a. mit C 
die Farbe Hell Lila bedingt, nichts mit S zu tun hat. Ist dem so, dann 
waren die von TJEBBES (1931) mitgeteilten vier Koppelungsbriiche 
zwischen R und S unter 6500 Individuen anzuzweifeln und vielleicht 
auf spontane Kreuzung oder andere jetzt nicht mehr kontrollierbare 
Zufalligkeiten zurtickzufiihren. 

Klarlegend werden hier Kreuzungen sein, in denen Linien mit ein- 
farbig rétlichen Samen mit solchen mit rot gestreiften gekreuzt werden. 
Ist S ein Gen, das nur Streifung der Testa bedingt, und die Wirkung 
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des Gens R also auf die Streifen begrenzt, dann miissen die auf F, 
solcher Kreuzungen erhaltenen Samen irgendwelche R6tliche Streifung, 
aber gleichzeitig keinen Roten Grund aufweisen. Eine solche Kreuzung, 
Nr. 317, wurde ausgefiihrt und bisher in F, untersucht. Die Eltern 
waren: Linie 118 aus Heinrichs Riesen, P RS, und Linie 165 aus meiner 
Kreuzung Nr. 49 (s. LAMPRECHT, 1935), PC Rs. Die Testafarbe der 
ersteren war also Triibrosa S/Weiss, die der letzteren Hell Lila. Die auf 
der F,-Generation erhaltenen 1310 Samen zeigten nun alle die Farbe 
Dunkel Triibrosa gestreift (S) auf Hell Lila marmoriert (Rr) auf Weiss. 
Die Anwesenheit von S hatte hier demnach keinen Einfluss auf R, den 
R gibt ohne S in heterozygoter Form zusammen mit C Hell Lila mar- 
moriert auf Geschwefeltes Weiss. Und S hat ja laut oben mitgeteilter 
Kreuzung Nr. 51 (Tab. 2) gerade zusammen mit R und C (Cc Rr Ss) die 
Testafarbe Hell Lila Ss/Geschwefeltes Weiss/Weiss verursacht. Von R- 
Marmorierung war hier also nichts wahrzunehmen, sondern die rote 
Farbe war durch S nur auf die Streifen lokalisiert. Dies Ergebnis dirfte 
mit grosser Wahrscheinlichkeit zu dem Schluss berechtigen, dass das 
Gen R zusammen mit dem Grundgen P die Farbe einfarbig Tribrosa, 
S dagegen zusammen mit P Triibrosa gestreift auf Weiss bedingt. Mit 
dieser Annahme sind jedenfalls die gefundenen Resultate zu erklaren. 
Der letztere Typus Triibrosa S/Weiss wurde u. a. in den Kreuzungen 
Nr. 51, 142 und 367 erhalten. Dieser Testafarbe entsprache dann die 
Formel PcrS. Gleiches gilt fiir die Linien Nr. 118 und 130 aus 
Heinrichs Riesen. Linie 165 mit der Testafarbe Hell Lila hatte dann 
die Formel PC Rs. Und bei Kreuzung von L. 118 mit L. 165 ergibt 
sich dann: P Cc Rr Ss, also der Testafarbe Dunkel Triibrosa S/Hell Lila 
Rr/Weiss entsprechend. Die Marmorierungen von Cc und Rr fallen 
namlich in ihrer Zeichnung zusammen. Mitunter kann jedoch, bei 
schwacherer Ausbildung der Rr-Marmorierung, was nicht selten vor- 
kommt, auch noch etwas von der durch Cc bedingten Marmorierung 
Geschwefeltes Weiss/Weiss wahrgenommen werden. Klaren Bescheid 
liber das Verhaltnis von R zu S werden die weiteren Generationen 
geben. 


DIE VERERBUNG DER HOMO- UND HETEROZYGOTEN 
MARMORIERUNG. 


Schon E. v. TSCHERMAK (1901, 1902, 1904), der als erster die Ver- 
erbung der Marmorierung studierte, fand sowohl homozygote wie 
heterozygote Marmorierung. Im ersten Fall wurde also monohybride 
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Spaltung nach 3 Marmoriert : 1 Einfarbig, im letzteren 2 Einfarbig : 2 
Marmoriert festgestellt. Diese beiden Typen von Vererbung der Mar- 
morierung (der eine oder beide) wurden seither von einer Reihe von 
Forschern beobachtet (EMERSON, 1904; SHULL, 1907, 1908; EMERSON, 
1909 a, 1909 b; E. v. TSCHERMAK, 1912; KAJANUS, 1914; SHAW and 
NORTON, 1918; TJEBBES und KOOIMAN, 1919 a, 1919 b; KOOImMAN, 1920; 
SIRKS, 1920, 1922 a, 1922 b; KRISTOFFERSON, 1924; MIYAKE, 1930, LAMP- 
RECHT, 1932 a, 1933, 1935, 1936, 1939 a und PRAKKEN, 1934). Im fol- 
genden werden nur solche Arbeiten beriicksichtigt, die fiir das Verstand- 
nis der bisher aufgestellten Hypothesen von Belang sind. 

SHULL (I. c.) nahm ein Marmorierungsgen M an, das im heterozy- 
goten Zustand Marmorierung bedingen soll. Dieses Gen sollte natiirlich 
auch in weissen Samen (p) latent vorhanden sein kénnen, wodurch 
dann bei Kreuzung mit einfarbigen Linien die F,-Spaltung 6 Marmoriert * 
:6 Einfarbig : 4 Weiss resultierte. 

EMERSON (1909 a) nahm zuerst M als Gen fiir die konstante Mar- 
morierung an und X als Gen, das in heterozygoter Form Marmorierung 
bedingte. Kurz darauf machte sich bei EMERSON {1909 b) der Wunsch 
geltend die Vererbung beider Arten von Marmorierung durch eine ge- 
meinsame Hypothese genetisch unter einen Hut zu bringen. Beein- 
flusst durch SPILLMAN wurde (I. c.) folgende EMERSON—SPILLMANsche 
Hypothese aufgestellt. Es bestehen zwei Gene, Y und Z, die absolut 
’ gekoppelt sind und Marmorierung tritt nur auf, wenn beide dominant 
anwesend sind. Konstant marmorierte Samen waren danach YY ZZ, 
einfarbige YY zz, yy ZZ oder yy zz. Diese Hypothese steht anscheinend 
sowohl mit der Spaltung von konstant marmorierten wie von hetero- 
zygot marmorierten im Einklang. Nach Kreuzung der beiden ein- 
farbigen Typen YY zz X yy ZZ erhalt man Yy Zz, also — da beide 
Gene in dominanter Form vorhanden sind — marmorierte F;. Die 
Nachkommen dieser spalten zufolge der absoluten Koppelung nach 
1 YY¥2zz:2 YyZz:1 yyZZ. Wird YY zz mit YY zz oder mit yy zz, 
bzw. yy ZZ mit yy ZZ oder mit yy zz gekreuzt, werden stets nur Kom- 
binationen mit entweder allein YY oder ZZ, demnach einfarbige Typen 
erhalten, was gleichfalls oft zu konstatieren ist. Schliesslich ist laut 
dieser Hypothese nach Kreuzung von YY ZZ (konstant marmoriert) mit 
jedem der drei Genotypen YY zz, yy ZZ und yy zz Spaltung im Ver- 
haltnis 3 Marmoriert : 1 Einfarbig zu erwarten, was iatsachlich zutrifft. 
Rassen der Formel yy zz haben bisher indessen nicht angetroffen wer- 
den kénnen. Die Konstitution yy zz ware ja leicht festzustellen, denn 
eine solche Rasse miisste sowohl mit YY zz wie mit yy ZZ (die bei 
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Kreuzung miteinander bestandig spaltende marmorierte geben) einfar- 
bige Nachkommen liefern. 

E. v. TSCHERMAK (1912) stellte eine neue Hypothese auf, nach der 
zwischen dem Marmorierungsgen M und dem Grundgen fiir Testafar- 
bung A entweder »Assoziation» oder »Dissoziation» bestehen kénnen 
soll. Wenn M mit A assoziiert ist, soll hierdurch die Marmorierung 
zustande kommen. Dieser Wirkung von M auf A soll eine lokale Hem- 
mung der Pigmentbildung (— Marmorierung) entsprechen. Bei Disso- 
ziation soll es keine Marmorierung geben, jedoch soll diese dann durch 
die Heterozygotie ausgelést werden (I. c. S. 186). 

SHAW and NorRTON (1918) sowie MIYAKE (1930) haben sich der 
EMERSON—SPILLMANSchen Hypothese angeschlossen. SHAW and NoR- 
TON scheinen als erste das Vorkommen von doppelter Marmorierung 
festgestellt zu haben. Sie teilen die Testafarben in zwei Serien ein, eine 
Rotserie, bei der diese r6tliche Farben aufweisen und eine Gelb-Schwarz- 
Serie mit gelben-braunen-schwarzen Farben. Die doppelt marmorier- 
ten Samen wurden erhalten, wenn eine konstant marmorierte Rasse 
der Rotserie mit gewissen einfarbigen Rassen der Gelb-Schwarz-Serie 
gekreuzt wurden. 

Kooman (1920) findet, dass bestandig spaltende Marmorierung 
auf Heterozygotie im Farbgen C (von ihm als B bezeichnet, welches 
Symbol bereits friiher vergeben war; s. LAMPRECHT, 1932 a) zuriick- 
zufiihren ist. In seiner spater erschienenen Monographie (1931, S. 371) 
fasst er seine Ansicht iiber die Vererbung verschiedener Marmorierung 
mit Hinblick auf bis dahin Bekanntes folgendermassen zusammen: 

1. True breeding mottling is the effect of a mottling factor M. 
This mottling factor acts with most pigments. 

2. The mottling factor may be latent in white-seeded races, and 
besides in buff (= chamois )-seeded ones. 

3. Inconstant mottling is caused by the heterogenous condition of 
one of the brown chromogenous factors, B. 

KRISTOFFERSON (1924) nimmt zu diesen Hypothesen keine be- 
stimmte Stellung ein, halt sie aber fiir keineswegs voll klarlegend. In 
seinen Formeln verwendet er die Gene Y und Z von EMERSON, Gleich- 
wie SHAW and NORTON stellt er das Vorkommen von doppelt marmo- 
rierten Samen fast, auf denen also zweierlei verschiedene Marmorierung 
vereint ist. F., wurde irrtiimlicherweise nicht pflanzenweise beurteilt. 
Aber in F; findet er Spaltung nach 9 doppelt marmoriert : 3 einfach 
marmoriert : 3 einfarbig : 1 einfarbig. 

LAMPRECHT (1932 a, 1933, 1935, 1936, 1939 a) ver6ffentlichte ein 
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umfangreiches Material, das die Bedingtheit der bestindig spaltenden 
Marmorierung durch Heterozygotie in den Genen C und R (je fiir sich 
wie auch zusammen) klarlegt. Nunmehr sind simtliche Kombinationen 
der Farbgene J, G, B, V sowie der Modifikationsgene Vir, Och und 
Flav in ihrem Verhalten zu CC, cc und Cc untersucht (s. LAMPRECHT, 
1939 und 1940). Fiir die Cc-heterozygoten, marmorierten Farben gilt 
durchweg die Regel, dass die dunkleren Flecken der Samen die dem 
Genotypus mit CC, der hellere Grund die dem im itbrigen gleichen 
Genotypus aber mit cc entsprechende Farbe aufweisen. Ganz Analoges 
gilt fiir die Rr-heterozygoten Samen (soweit diese bisher studiert wor- 
den sind). 

PRAKKEN (1934) beschaftigt sich recht eingehend mit der Ver- 
erbung der Marmorierung und eroértert die bis dahin vorliegenden 
Hypothesen. Er stellt dann eine eigene Hypothese auf (1. c. S. 226—228), 
laut der beide Arten von Marmorierung durch zwei absolut gekoppelte 
Gene C und M bedingt werden. Diese »neue Hypothese» ist aber im 
Prinzip ganz gleich der EMERSON—SPILLMANSchen; der einzige Unter- 
schied besteht darin, dass PRAKKEN die Symbole Y und Z von EMERSON 
durch C und M ersetzt hat. (Man vergleiche hierzu PRAKKENs Spal- 
tungsfiguren |. c. S. 223 oben und S. 227, die den Ersatz von Y Z durch 
CM klar dartun.) PRAKKEN bezieht also ganz einfach das eine Gen 
EMERSONs (z. B. Y) auf das nunmehr sehr gute analysierte Farbgen C 
und Z auf M. Im Zeitpunkte der Veréffentlichung EMERSONs (1909 b) 
war die Wirkung von C noch unbekannt sowie eine klare Farbgen- 
analyse von Phaseolus vulgaris noch nicht vorliegend. 


Ein Riickblick auf bisher iiber Vererbung von Marmorierung be- 
kannte Tatsachen und Hypothesen ergibt folgendes. Einwandfrei klar- 
gelegt erscheint, dass — bei Dominanz in den Grundgenen fiir Testa- 
farbe P und Gri — durch Heterozygotie im Farbgen C bzw. R (oder 
auch beiden zusammen) Marmorierung bedingt wird. Diese Marmo- 
rierung entspricht der in Fig. 3 wiedergegebenen Zeichnung. Sie besteht 
stets aus zwei Farben, einer helleren Grundfarbe, die dem Genotypus 
mit cc bzw. rr entspricht, und den dunkleren Flecken, dem gleichen 
Genotypus aber mit CC bzw. RR entsprechend. (Wenn die Samen 
iiberdies das dominante Farbgen V enthalten, so ist die Grundfarbe 
heller, d. h. die Wirkung von V ist hier schwacher zutage tretend, als 
bei entsprechenden einfarbigen Typen. ) 

Eine zweite Feststellung ist die, dass die konstante (homozygote) 

Hereditas XXVI. 6 
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Marmorierung iiber einfarbig dominiert, also in Kreuzungen mit ein- 
farbigen Spaltung nach 3 marmoriert : 1 einfarbig zeigt. 

Eine dritte Feststellung schliesslich ist, dass bei Kreuzung zwischen 
konstant marmorierten mit gewissen einfarbigen Samentypen doppelte 
Marmorierung resultiert (SHAW and NORTON, 1918; KRISTOFFERSON, 
1924). Die Doppeltmarmorierten zeigen dann u. a. eine Spaltung nach 
9 doppelt marmoriert : 3 einfach marmoriert : 3 einfarbig : 1 einfarbig. 





Fig. 3. Sechs Samen mit Heterozygotmarmorierung, die oberen drei Cc, die 
unteren Rr. 


Weitere experimentelle Tatsachen scheinen nicht bekannt zu sein. 
Da es sich hier in erster Linie um die Beziehungen zwischen konstan- 
ter und heterozygoter Marmorierung handelt, erscheinen zwei Fragen 
von grésstem Interesse: 1) Zeigen diese beiden Typen von Marmorie- 
rung dieselbe Zeichnung, dasselbe Muster auf der Samenschale? und 
2) Gibt es konstante und heterozygote Marmorierung in gleichen Testa- 
farben? — Und auf diese beiden fundamentalen Fragen fiir die Beur- 
teilung eines genetischen Zusammenhanges zwischen den beiden Arten 
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von Marmorierung geben die bisher vorliegenden Untersuchungen ent- 
weder gar keinen oder héchstens unklaren Bescheid. 

Was die Hypothesen betrifft um beide Arten von Marmorierung 
genetisch unter einen Hut zu bringen (EMERSON—SPILLMAN, E. Vv. 
TSCHERMAK, PRAKKEN), so kann E. v. TSCHERMAKs Hypothese iiber 
»Assoziation» und »Dissoziation» zwischen zwei Genen ohne weiters 
abgelehnt werden; sie ist mit unserer jetzigen Auffassung der Wirkung 
und des genetischen Verhaltens von Genen und ihren Allelen unverein- 
bar. Die Hypothesen von EMERSON—SPILLMAN und von PRAKKEN sind, 
wie bereits erwahnt, im Prinzip gleich. Beide nehmen zwei absolut 
gekoppelte Gene an und nur bei Dominanz in beiden soll Marmorierung 
auftreten. Erstere benutzen hierfiir die Symbole Y und Z, letzterer 
C und M; in beiden Fallen werden diese als Marmorierungsgene auf- 
gefasst. Der einzige, aber fiir die Frage nach der Vererbung der Mar- 
morierungen belanglose Unterschied ist der, dass EMERSON keinem 
seiner Gene Y und Z eine bestimmte Farbwirkung zuschreibt, wahrend 
dies bei PRAKKEN der Fall ist (er benutzt mein Gen C fiir Geschwefeltes 
Weiss). Laut diesen beiden Hypothesen ergeben sich dann die beiden, 
bereits vorstehend mit Formeln erlauterten, méglichen Spaltungsver- 
haltnisse 3 marmoriert: 1 einfarbig sowie 1 einfarbig : 2 heterozygot 
marmoriert : 1 einfarbig. 

Gegen diese beiden Hypothesen kénnen nun schon auf Grund der 
bisher bekannten experimentellen Feststellungen folgende Einwande 
gemacht werden: 

1) Das Auftreten von doppelt marmorierten Typen, wie es von 
SHAW and Norton (1918) und KRISTOFFERSON (1924) festgestellt wor- 
den ist, kann auf Grund dieser Hypothesen weder erwartet noch mit 
denselben erklart werden. Diese gestatten nur das Auftreten von kon- 
stanter Marmorierung, YY ZZ, von 3:1 spaltender solcher, YY Zz und 
Yy ZZ und von heterozygoter, bestandig 1:2:1 spaltender, Yy Zz. 
Und diese sind nicht doppelt sondern einfach marmoriert. Da es also 
sowohl einfache wie doppelte Marmorierung gibt, kann fiir beide nicht 
dieselbe genetische Grundlage angenommen werden. Zumindestens 
miissten diese Hypothesen hierfiir erweitert werden. 

2) Laut der EMERSON—SPILLMANSchen Hypothese sollen einfar- 
bigen Samen die drei Formeln YY zz, yy ZZ und yy zz zukommen 
kénnen. Es ist nun auffallend, dass bisher niemals Samen der Kon- 
stitution yy zz angetroffen worden sind. Die Spaltungsresultate aller 
Forscher sind nur durch YY zz und yy ZZ erklarbar. In analoger 








84 HERBERT LAMPRECHT 





Weise hebt PRAKKEN fiir seine Hypothese hervor (1934, S. 227), dass 
Samen der Konstitution cc mm bisher noch nicht angetroffen sind. 

3) Sehr auffallend ist schliesslich, dass in den zahlreichen seit 1900 
auf diesem Gebiete erschienenen Arbeiten auch nicht ein einziger Fall 
bekannt geworden ist, wo konstante und bestandig spaltende Marmo- 
rierung die gleichen Testafarben gezeigt hatten. Zur Erklaérung dieser 
Erscheinung miisste angenommen werden, dass YY ZZ andere Farben 
bedingt als Yy Zz bzw. CC MM als Cc Mm. Diese Genkonstitutionen 
sollten also auch auf die anderen Farbgene einen verschiedenen Ein- 
fluss ausiiben. Oder schliesslich: Es sind im iibrigen gleiche Genotypen 
mit diesen beiden alternativen Konstitutionen bisher niemals erhalten 





Fig. 4. Zwei konstant (— homozygot) marmorierte Samen. Linker aus L. 47, Huish 
Beauty, rechter aus L.72, Early Prolific. 


worden. Eine bei der jetzt sehr weit vorgeschrittenen Genanalyse der 
Testafarben allerdings mehr als héchst unwahrscheinliche Annahme. 

4) Eine Untersuchung der konstant marmorierten Typen zeigt, dass 
die Testa dieser stets sowohl Marmorierung wie Streifung aufweist 
(vgl. Fig. 4). Diesbeziiglich wurde von mir ein sehr grosses Material 
studiert. Alle erreichbaren marmorierten Handelssorten und _ viele 
Tausende aus Kreuzungen erhaltene Individuen. Bei starkerer, dunkler 
Farbung ist es mitunter nicht méglich, diesbeziiglich auf Grund okula- 
rer Besichtigung allein Gewissheit zu erlangen. Die Samen kénnen 
dann nur marmoriert erscheinen. Aber bei Kreuzung mit heller ge- 
farbten Linien hat sich stets herausgestellt, dass auch Streifung vor- 
handen war. Diese Erscheinung sollte auch friiheren Forschern auf 
diesem Gebiete nicht ganz unbekannt geblieben sein. Sie spricht be- 
stimmt dafiir, dass die Ausbildung von konstanter Marmorierung von 
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der Anwesenheit des Gens S$ in dominanter Form (Streifung) abhangig 
ist. Die weiter unten mitgeteilten Kreuzungen werden dies bestatigen. 

Ausgehend von der Annahme, dass die genetische Grundlage der 
konstanten Marmorierung nichts mit der durch Cc (bzw. Rr) bedingten 
heterozygoten Marmorierung zu tun hat, habe ich in einer friiheren 
Arbeit (LAMPRECHT, 1933, S. 313) die Méglichkeit eines bindenden Be- 
weises hierfiir in der Spaltung nach Kreuzung von MM CC-Linien mit 
mm cc-Linien zu finden gesucht. Die Aufspaltung des in Frage ste- 
henden Bastards Mm Cc sollte dann in F, folgendes Verhaltnis geben: 
1 MM CC:2 MM Cc:1 MMcc:2 MmCC:4 MM Cc:2 Mmcc:1 mmCC 
:2 mmCc:1 mmcc. Da alle Genotypen mit M und Cc marmoriert 
sind, sollte hier das Verhaltnis 14 Marmoriert : 2 Einfarbig resultieren. 
Dieses Verhaltnis konnte indessen nicht erhalten werden, es ergab sich 
3 Marmoriert : 1 Einfarbig, so wie dies laut der EMERSON—SPILLMAN- 
schen (und auch PRAKKENS) Hypothese zu erwarten war. Wie aber die 
unten folgenden Kreuzungsergebnisse zeigen werden, bilden diese kei- 
neswegs eine Bestatigung dieser Hypothesen sondern lassen sie im 
Gegenteil unhaltbar erscheinen. 


Kreuzung Nr. 144, Linie 127 X Linie 146. — Die Linie Nr. 127 
wurde von mir aus einer aus Ungarn erhaltenen Samenprobe als Ein- 
mischung ausgelesen. Sie ist eine kleinsamige Wachsbohne. Die Samen 
sind schén Dunkel Weinrot marmoriert auf Rohseidengelbem Grund. 
Letzterer zeigt haufig eine schwache Rosa Ténung. Bei genauer Unter- 
suchung sieht man deutlich, dass alle Samen ausser Marmorierung 
iiberdies die durch S bedingte Streifung aufweisen. An den Stellen, 
wo Marmorierung und Streifung sich decken, ist das Weinrot dunkler. 
Der zweite Elter, Linie 146, stammt aus meiner Kreuzung Nr. 12 (s. 
LAMPRECHT, 1932 a). L. 146 ist in allen Farbgenen rezessiv und hat 
nur die beiden Grundgene fiir Farbe, P und Gri, dominant. Da in 
Kreuzung Nr. 12, aus der sie herstammt, keine gestreiftsamigen Pflan- 
zen aufgetreten sind, muss sie auch im Gen §S rezessiv sein. 

Die auf der ersten Generation erhaltenen Samen zeigten dasselbe 
Aussehen wie die des einen Elters, L. 127, In F. wurden die in Tab. 5 
mitgeteilten Spaltungsergebnisse beobachtet. 

Wie ersichtlich wurde fiir die rote Streifung nur das Symbol S 
benutzt. Dies geschah mit Hinblick auf die im vorigen Abschnitt mit- 
geteilten Resultate und Erérterungen, die es wahrscheinlich machten, 
dass S allein — also nicht R und S gemeinsam — fiir die Streifung ver- 
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antwortlich ist. Fiir die konstante Marmorierung wurde das dominante 
Gen M verwendet. 

Die Kreuzung zeigte nur eine Zweigenenspaltung. Da auch in 
dieser F, mit 1033 Individuen keine Spaltung im: Gen R stattfand, bildet 
dies eine weitere Bestaitigung der eben erwahnten Annahme, dass S$ 
allein fiir die Ausbildung von Streifung und roter Farbe verantwortlich 
ist. Der eine Elter, L. 146, hatte ja bestimmt R in rezessiver Form. 
Ferner ist hier festzustellen, dass Marmorierung nur zusammen mit 
Streifung auftritt. Diese Erscheinungen diirften a priori in zweierlei 
Weisen erklart werden kénnen. 1) Das Gen M wirkt nur bei Dominanz 
in S (in Kreuzungen, die in C :c spalten, ist iiberdies zu beriicksich- 
tigen, dass S stark mit C gekoppelt ist); 2) M ist so stark mit S gekoppelt, 
dass auch bei der hier vorliegenden Individuenanzahl von 1033 kein 
Koppelungsbruch beobachtet werden kann. 


TABELLE 5. Die Aufspaltung des Bastards PP cc Jj gg bb vv Ss MM 
in F, von Kreuzung Nr. 144. 




















| Anzahl Individuen _| 

Genenspaltung Testafarben — . | D/m 

| Gefunden Erwartet | 

| 

| 9 SM...... | Weinrot SM/Rohsei- | | 

| 12 J dengelb...............| 560 581,06 | 1,32 

| Re: ls sM...... | Rohseidengelb . 213 | «193,60 | 1,54 

| 7 4 {3 SM...... | Triibrosa suWeiss 179 | 193,08 | 1,17 
Jit sinc: | Reinweiss............. 81 | 64,56 | 2,2 


Es diirfte unschwer sein unter diesen Annahmen die naheliegen- 
dere zu wahlen. Es soll dies ja stets auch die einfachste sein. Und 
das ist ganz zweifellos Hypothese Nr. 1. Fiir diese spricht auch ganz 
bestimmt, dass bisher keine konstant marmorierten Samen bekannt 
geworden sind, die nicht auch Streifung, S, gezeigt hatten. Die Hypo- 
these, dass M nur bei Anwesenheit von S wirkt, erklart auch v6llig die 
vorhin angefiihrte Erscheinung, dass es bislang unméglich gewesen ist, 
konstante Marmorierung in denselben Farben zu erhalten wie hetero- 
zygote, d. h. durch Cc bedingte. Denn im selben Augenblick, wo die 
Einfiihrung von S in die Konstitution Bedingung dafiir ist, dass iiber- 
haupt konstante Marmorierung erhalten werden kann, wird auch die 
Testafarbe durch den Roteffekt von S veraindert. All dies spricht auch 
ganz entschieden gegen die Hypothesen von EMERSON—SPILLMAN und 
PRAKKEN, die konstante und heterozygote Marmorierung durch eine 
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gemeinsame genetische Grundlage erklaren wollten. Weitere Belege 
fiir die Unhaltbarkeit dieser Hypothesen werden Kreuzungen liefern, in 
denen sowohl M wie C spalten. 

Mit Hinblick auf Vorstehendes und in folgenden Kreuzungen fest- 

gestellte Spaltungen in M bei gleichzeitiger Anwesenheit von S wurde 
angenommen, dass L. 146 M in ihrer Konstitution hat. In bezug auf 
die Bezeichnung der Testafarben sei hervorgehoben, dass die konstant 
Marmorierten stets durch das Symbol SM nach der dunkleren, die 
Flecken und Streifen bildenden Farbe angegeben werden, also z. B. 
Weinrot SM/Rohseidengelb. Die Farben mit SM sind die gleichen wie 
bei S allein (s. vorigen Abschnitt), nur dass die Farbe an den Stellen 
der Testa, wo sich Marmorierung und Streifung decken, dunkler er- 
scheint. Dies sei auch in die Bezeichnung SM einbegriffen. Die zweite, 
nach dem / angefiihrte Farbe, gibt wie immer die des helleren Grun- 
des an. 
Kreuzung Nr. 149, Linie 9 X Linie 127. — L.9 siehe Kr. 58 in 
vorigem Abschnitt. Sie hat die Testafarbe Amethystviolett S/Rohseiden- 
gelb und die Formel PJ VS. L. 127 s. vorige Kr. 144; ihre Testafarbe 
ist Weinrot SM/Rohseidengelb, der Formel P J S M entsprechend. Die 
auf F, erhaltenen Samen stimmen in ihrer Farbung mit L. 9 iiberein, 
nur waren sie marmoriert und gestreift. Ihre Farbenbezeichnung ist: 
Amethystviolett SM/Rohseidengelb, PJ VS M. In F, war eine Spaltung 
in den zwei Genpaaren V—v und M—m zu erwarten. Dies traf zu. 
Es wurden folgende Zahlen erhalten: 


Gefunden: 299 VM:121 Vm: 89 vM:27 vm 


Erwartet: 301, » :1005 » :1005 » :33,55 » 
D/m fiir 
9:3:3:1—G@n + 2,27 —ise —Iie 


Die erwarteten und gefundenen Zahlen zeigen befriedigende Uberein- 
stimmung. Als neu analysierte Farbe ergibt sich: Amethystviolett SM/ 
Rohseidengelb, PJ] VSM. Eine weitere Erlauterung zu dieser Kreu- 
zung erscheint iiberfliissig, ihre Spaltung steht in voller Ubereinstim- 
mung mit den von mir vorhin gemachten Annahmen. 

Kreuzung Nr. 312, Linie 124 X Linie 130. — L. 124 stammt aus der 
bekannten deutschen Brechbohne Konserva mit bunten Samen. Diese 
zeigen auf weissem Grund Triibrosa bis Lilarosa Marmorierung und 
Streifung. Formel: P S M = Triibrosa SM/Weiss. Linie 130 ist eine 
Geschwisterlinie zu L. 118, die im vorigen Abschnitt in Kr. 142 beschrie- 
ben worden ist. Sie hat die Formel: P S=Triibrosa S/Weiss. F; 
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zeigte die Testafarbe von L.124. F, spaltete, wie zu erwarten war. 
nach 3.SM:1 Sm. Es resultierte: 


Gefunden: 420 Triibrosa SM/Weiss : 147 Triibrosa S/Weiss 


Erwartet: 425,25 » » > 141,75 » > 
D/m fiir 
ba 0,51. 


Auch diese Spaltungsresultate bestatigen die vorhin angenommenen 
genetischen Grundlagen fiir Vererbung der konstanten Marmorierung. 


TABELLE 6. Die Aufspaltung des Bastards PP cc Jj Gg bb vv Ss MM 
in F, von Kreuzung Nr. 197. 





























Anzahl Individuen | 
Genenspaltung UO ee, a eee D/m 
Gefunden | Erwartet | 
| 
ad SM! Mahagonibraun sm) | | | 
36 G Rohseidengelb ...) 175 | 1641 | 1,12 | 
~ lo su ata «oo.i0.5...;.0.. — 6 | Bo Ase 
| 9 SM| Weinrot SMjRohsei- | | | 
12 g | dengelb............... | 56 54,70 | 0,19 | 
F: 3 sM| Rohseidengelb ...... | 12 | 18,23 | 1,49 
2° ! i 
| 9 SM| Hell Braunrot SM/_ | | 
12 G | Speckweiss ......... | 51 54,70 | (0,54 | 
16 j 3 sM| Speckweiss ............ 12 | 18,23 | 1ao | 
4g { 3 SM| Tribrosa SMWeiss 13 | 18,3 =| 1,25 | 
| 1 sM| Reinweiss ............ | 5 | 60s | (0,44 | 


Diese wird stets durch das Zusammenwirken der beiden dominanten 
Gene S und M verursacht. 

Kreuzung Nr. 197, Linie 42 X Linie 124. — Linie 42 stammt aus 
der bekannten deutschen Brechbohne Hundert fiir Eine. Ihre Samen 
sind einfarbig Maisgelb; Formel P JG. Linie 124 siehe vorige Kreu- 
zung. Die auf F, erhaltenen Samen zeigten die Farbe Mahagonibraun 
SM/Rohseidengelb. F, zeigte die in Tab. 6 mitgeteilten Spaltungs- 
resultate. 

Die Spaltungsresultate von Kr. 197 bestatigen das frither Ange- 
fiihrte. Neu sind nur die Genanalysen der beiden Farben Mahagoni- 
braun SM/Rohseidengelb und Hell Braunrot SM/Speckweiss. Auf- 
fallend ist, dass auch in dieser Kreuzung fiir den einfarbigen Elter, 
L. 42, angenommen werden muss, dass er M in seiner Konstitution hat. 
Das Gleiche war schon in Kr. 144 fiir Linie 146 der Fall. 
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Kreuzung Nr. 235, Linie 124 X Linie 161. —.L. 124, Formel P S M, 
wurde schon vorhin erwahnt. L.161 stammt aus der schwedischen 
Wachsbohne Express.’ Ihre Samen haben die Testafarbe Schamois, 
es ist ein lebhaftes Schamois. Formel P C J (méglicherweise P C Ins; 
ein sicherer Unterschied zwischen Ins und J ist noch nicht festgestellt). 
In dieser Kreuzung ist also eine gleichzeitige Spaltung in beiden Mar- 
morierungen, konstanter und heterozygoter (Cc) zu erwarten. Die 
Samen der F,-Generation zeigten in Ubereinstimmung hiermit doppelte 
Marmorierung. Sie waren Pflaumenviolett SM/Schamois/Rohseiden- 
gelb. 


TABELLE 7. Die Aufspaltung des Bastards PP Cc Jj gg bb vv Ss MM 
in F, von Kreuzung Nr. 235. 





























} Anzahl Individuen | | 
Genenspaltung Testafarben | D/m | 
| 
] l 
4 CC 13 SF Schamois (hell-dunkler)... 94 | 10144 | 0,82 | 
ft om Geschwefeltes Weiss .........; 35 | 33,81 0,21 | 
2 J SSM| Pflaumenviolett SM/Hell | | 
Schamois/Rohseidengelb...| 55 | 67,62 = 1,64 | 
8 Ce )4 J SM..| Pflaumenviolett SM/Scha- | 
F,: mois/Rohseidengelb......... | 145 | 135,25 0,97 | 
27 SM..| Hell Lila SM/Geschwefeltes | | 
Weiss/Weiss .................| 66 | 67,62 | 0,21 | 
1 J SSM| Weinrot SM/Hell Rohseiden-, | 
ata ict his nhiirt acai 36 | 33,81 | 0,39 | 
| (4ee )2 7 SM..| Weinrot SiliRohseidengelb 82 | 10144 | 1,87 | 
| 1 j SM...| Triibrosa SM/Weiss ............ | 28 | 3381 | 1,03 | 





Die Tab. 7 zeigt, dass infolge der starken Koppelung zwischen C 
und S keine CC-Individuen mit SM erhalten wurden. Ferner ist ersicht- 
lich, dass doppelte Marmorierung nur in der in C heterozygoten Indi- 
viduengruppe aufgetreten ist. Die weitere Untersuchung der Kreuzung 
in F; ergab, dass diese doppelt marmorierten Pflanzen, wie zu erwarten, 
bestandig spalteten, so wie dies iibrigens fiir Cc-Marmorierung charak- 
teristisch ist. Die Testafarben der doppelt marmorierten Samen ergeben 
auch, dass es sich bei der durch SM und der durch Cc bedingten Mar- 
morierung um zwei genetisch getrennte Erscheinungen handelt. So 
setzt sich z. B. die Testafarbe Pflaumenviolett SM/Schamois/Rohseiden- 
gelb zusammen aus: 

PP Cc JJ = Schamois/Rohseidengelb (heterozygot marmoriert) und 

PP C J SM = Pflaumenviolett SM/Schamois (konstant marmoriert). 
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Aus der Tabelle ist ferner ersichtlich, dass die Individuen mit J SM in 
ihrer Konstitution in zwei Gruppen sortiert werden konnten, eine mit 
einer helleren und eine mit einer etwas dunkleren Farbe. Die fiir diese 
erhaltenen Zahlen stimmen gut auf das Verhaltnis 1:2, d. h. Homo-: 
Heterozygotie in einem Gen. Es muss indessen einstweilen unentschie- 
den verbleiben, ob dies mit Heterozygotie in S oder in J (vielleicht Ins) 
zusammenhangt. Hier sind spezielle Untersuchungen erforderlich. 


Die vorstehend iiber die Vererbung von konstanter und bestandig 
spaltender Marmorierung mitgeteilten Resultate zeigen zweifellos, dass 
diese beiden auf ganz verschiedener genetischer Grundlage stehen. Die 
bestandig spaltende Marmorierung ist an Heterozygotie im Gen C ge- 
bunden, die konstante an das Gen M zusammen mit S. Durch Cc 
bedingte Testafarben kénnen daher nicht durch SM erhalten werden 
und umgekehrt. Jede dieser Marmorierungen kann einzeln oder sie 
kénnen auch gemeinsam auftreten. Im letzteren Fall erhalt man 
doppelte Marmorierung, wobei die hellere Marmorierung durch Cc 
bedingt wird, die dunklere durch SM. Die von EMERSON—SPILLMAN 
und PRAKKEN aufgestellten, vorhin besprochenen Hypothesen sind mit 
diesen Tatsachen unvereinbar und daher als unhaltbar zu streichen. 

Kann aber nun die von mir vorhin gemachte Annahme, dass M nur 
bei Dominanz in S wirkt, aufrecht erhalten werden? — Offenbar nur, 
wenn die von mir benutzten einfarbigen Linien alle M in ihrer Konsti- 
tution haben. Diese Annahme musste fiir den einen Elter in drei ver- 
schiedenen Kreuzungen gemacht werden, fiir L. 146 in Kr. 144, fiir L. 42 
in Kr. 197 und fiir L. 161 in Kr. 235. Diese Annahme erschien wenig 
wahrscheinlich und fiihrte den Gedanken darauf, dass es sich bei den 
Genen S und M um multiple Allele von R handeln kénnte. Zur Be- 
statigung dieser Annahme ausgefiihrter Kreuzungen ergaben die erwar- 
teten Resultate. Eine dieser, Nr. 111, ausgefiihrt zwischen L.9 und 
L. 146 (beide vorstehend beschriebene Linien) geniigte um drei Allelen 
dieser Serie festzulegen. Sie spaltete in F, in 227 gestreift : 81 einfarbig. 
D/m ist hierfiir 0,53. Es ergeben sich dann zusammen mit den zwei 
oben besprochenen Kreuzungen Nr. 144 und Nr. 149 folgende Spal- 


tungen: 


Kreuzung Nr. 144: L. 146 x L. 127: 3 konstant marmoriert: 1 einfarbig; 
» Nr. 149: L, 127 XL. 9:3 » » : 1 gestreift; 
» Nr. 111: L. 9X L. 146: 3 gestreift: 1 einfarbig. 
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Durch dieses Kreuzungsdreieck ist die multiple Allelie von M und 
S mit r in der R-Serie bewiesen. Uber die Zugehérigkeit von R, des 
vierten Allels zur Serie, kann kein Zweifel mehr bestehen, da Kreu- 
zungen von R- mit r-Linien (worunter sich auch oben genannte be- 
finden) stets monohybrid 3 R:1 r gespalten haben. 

In Ubereinstimmung mit diesen Ergebnissen sind die beiden Gene 
S und M zu léschen und als multiple Allele an R anzugliedern. Fiir 
diese Allelen werden folgende Bezeichnungen vorgeschlagen: 


Rna = Triibrosa marmoriert und gestreift auf Weiss = Tribrosa 


Rial Weiss, 
Ry, = Triibrosa gestreift auf Weiss = Triibrosa R,,/Weiss, 
R =Tribrosa einfarbig, und 
r = Reinweiss. 


Diese Testafarben gelten natiirlich nur bei Dominanz in den Grund- 
genen fiir Testafarbe P und Gri sowie bei Rezessivitat in allen anderen 
Farbgenen. Bei Dominanz in letzteren werden verschiedene Farben in 
marmoriert, gestreift, bzw. einfarbig erhalten. R (und seine Allelen) 
sind stark mit C gekoppelt. Die Dominanzreihenfolge der vier Allelen 
ist noch nicht vollkkommen klargelegt. 

Im folgenden seien die bisher genetisch analysierten konstant mar- 
morierten Testafarben angefiihrt: 


Triibrosa R,,,/Weiss, Pc jg bv Rig 

Weinrot R,,,,/Rohseidengelb, P cJ g bv Ring 

Hell Braunrot R,,,/Speckweiss, P cj G bv Ring 
Mahagonibraun R,,,/Rohseidengelb, P c JG bv R,,, 
Amethystviolett R,,,/Rohseidengelb, P cJ g b V Ring 

An doppelt marmorierten wurden analysiert: 
Pflaumenviolett R,,,,/Schamois/Rohseidengelb, P Cc J g bv Ring 
Hell Lila R,,q/Geschwefeltes Weiss/Weiss, P Cc jg bv Rig 


Samtliche vorstehend besprochenen Kreuzungen wurden auch in 
F; untersucht und stimmten die Resultate mit den auf Grund der 
F.-Spaltung erwarteten tiberein. 


DIE VERERBUNG DER BESPRITZUNG DER TESTA. 


In einer friiheren Arbeit (LAMPRECHT, 1934 b, S. 182) wurde der 
sog. gespritzte Typus von Phaseolus vulgaris beschrieben. Ich erhielt 
diesen seinerzeit u. a. unter der Bezeichnung Ph. atropunctatus aus 
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Botanischen Garten. Es handelte sich aber um keine selbstandige Art 
sondern nur um eine Varietaét der gew6hnlichen Gartenbohne. Diese 
Form gab bei Kreuzung mit Phaseolus vulgaris-Linien durchweg voll 
fertile Nachkommen und zeigte i. ii. keine abweichenden Charaktere. 
Ihrem Habitus nach gehGrt sie zu den sog. Reiserbohnen. Diese haben 
bekanntlich unbegrenztes Stammwachstum, aber kurze Internodien, 
sodass sie eine Héhe von 60—70 cm erreichen. Eine Linie vom ge- 
spritzten Typus, L. 53, wurde zu einer Anzahl von Kreuzungen verwen- 
det. Fig. 5 zeigt die Zeichnung der Samen dieser. Wie ersichtlich 
ist die Testa auf hellerem Grund gleichsam mit feinen, unregelmassigen 
Piinktchen reichlich bespritzt. Eine Vergrésserung dieser Zeichnung 
zeigt Fig. 6. Ausserdem gewahrt man unregelmassig verteilte gréssere, 
dunkle Farbflecken. Die Farbe dieser sowie der Piinktchen ist Schwarz 





Fig. 5. Ein Samen mit Bespritzung der Testa aus Linie 53 (sog. Phaseolus atropunc- 
tatus). — Fig. 6. Die Zeichnung der Testa eines bespritzten Samens bei etwa 
60-facher Vergrésserung. . 
bis Violettschwarz. An gewissen Samen kann man deutlich erkennen, 
dass diese grésseren Flecken Rudimente der durch das Allel R,, be- 
dingten Streifen darstellen (vgl. die vorigen Abschnitte). Eine geneti- 
sche Analyse dieser Bespritzung der Testa scheint bisher nicht erfolgt 
zu sein. 

Kreuzung Nr. 171, Linie 1 X Linie 53. — L.1 stammt aus der 
schwedischen braunen Kochbohne Stella. Diese: wurde mehrmals 
genetisch untersucht. Hinsichtlich Testafarbe kommt ihr die Konsti- 
tution PC JGbvur zu. Uber die Formel von L. 53, mit Violettschwarz 
bespritzter Testa war bisher nichts bekannt. Die auf der ersten Genera- 
tion erhaltenen Samen zeigten die Testafarbe Schwarz Cc-marmo- 
riert/Graulich Indigo mit Violettschwarzer Bespritzung des Grundes. 
Die Grundfarbe Graulich Indigo ist selten gut ausgebildet sondern 
meistens Graulich Rhamninbraun mit mehr oder weniger deutlichem 
Graulich Indigo Anflug. Der Testafarbe Schwarz/Graulich Indigo kommt 
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laut fritheren Analysen folgende Formel zu: P Cc J GBV; im vorlie- 
genden Fall wire das neue Gen fiir die Bespritzung ‘hinzuzufiigen. Da 
die auf F,.erhaltenen Samen bespritzte Testa zeigen, hat man es mit 
einer dominanten Eigenschaft zu tun. Da die Samen marmoriert sind, 


TABELLE 8. Die Aufspaltung des Bastards PP Cc JJ GG Bb Vv R,,,l 
in F, von Kreuzung Nr. 171. 












































| | Anzahl Indi- 
| viduen | 
| Genenspaltung Testafarben a Fe 
| Gefun-| Er- | 
| | den wartet| | 
| | 
| , | 9Vr...| Schwarz METER 107 | 113,48| 0,66 | 
12B) 30 r...| Mineralbraun...............| 38 | 37,83! 0,03 | 
| 16 cc b { 3 Vr...| Kastanienbraun............ | 28 | 37,83| 1,63 | 
| 40) 1 or8...| Bister............. 14 | 12,1) 0,0 | 
2 Y &... Victeiioelinate ‘R im | 
| /Schwarz/Graulich In- | 
. OF seiccisaserainin ve | 247 | 226,97] 1,57 
4B) 6» R,, Purpurschwarz Bog/Mie | | 
| neralbraun/Rhamnin- | | 
| i sic cctctendads | 91 | 75,66] 1,86 | 
‘eee 6 V R,,,| Dkl. Purpur_ R,,,/Kas- 
Bree tanienbraun/Agera- 
8 b CUI ans. eins ee 63 | 75,66} 1,53 
| 2v R,,,| Vandyke Rot R,,,/Bister/ 
| MGISROID xs. ccise6550-53: 17 | 25,32] 1,68 
| 9 V R,,,| Violettschwarz R,,,/ 
12B /Graulich Indigo ...... 122 | 113,48/| 0,86 
3.v R,,,| Purpurschwarz R,,,/ 
16 cc /Rhamninbraun.........; 32 | 37,83] 0,97 
| 3 V R,,,| Dkl. Purpur R,,,/Agera- 
1b [citi] (een eee 29 | 37,83] 1,47 
1 v R,,,| Vandyke Rot R,,,/Mais- 
OID cissicelasscctsseceests | 19°} 12,61} 1,81 





soll L. 53 c in ihrer Konstitution haben, denn L. 1 hat C und der hetero- 
zygoten Marmorierung von F;, entspricht Cc. Die in F, beobachteten 
Spaltungsresultate sind in Tab. 8 zusammengestellt. 

Tab. 8 zeigt, dass wir es hier mit einer Spaltung in 4 Genen zu tun 
haben, und zwar in den gut bekannten Testafarbgenen C, B und V sowie 
in dem Gen, das die Bespritzung der Testa bedingt. Auf Grund der 
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erhaltenen Farben ist ferner ersichtlich, dass beide Eltern in den Genen 
J und G dominant sein miissen. Es wurden 8 verschiedene homo- 
zygote Farben und dementsprechend 4 in C heterozygote, marmorierte 
gefunden. Von besonderem Interesse ist nun die Erscheinung, dass die 
Bespritzung der Testa nur auf Cc- und cc-Samen auftritt. Da auch die 
Elternlinie 53 mit bespritzter Testa cc in ihrer Konstitution hatte, spricht 
dies fiir eine sehr starke bzw. absolute Koppelung zwischen C und dem 
noch unbekannten Gen fiir Bespritzung der Testa. Ferner ergibt sich 
aus den Testafarben der bespritzten Typen, dass diese ein Gen fiir 
Rotfarbung enthalten miissen. Als solches ist bisher nur R bekannt. 
Laut der friiheren Auffassung von roter Streifung und Marmorierung, 
als durch R, S bzw. M bedingt, ware hier abermals ein neues Gen 
anzunehmen, das zusammen mit R rote Bespritzung der Testa verur- 
sacht. Und dann wiirde man hinsichtlich der Beziehung dieses neuen 
Gens zu R in genau die gleiche Lage gelangen wie sie friiher fiir S und 
M vorhanden war, d. h. es ware absolute Koppelung auch zwischen 
dem neuen Gen und R anzunehmen. Wenn hierzu noch die starke 
Koppelung mit dem Testafarbgen C kommt, die auch fiir die R-Allelen- 
serie gilt, und schliesslich festgestellt werden kann, dass die Testa der 
bespritzten Samen iiberdies deutliche Reste der durch das Allel R,, 
(friiher S) bedingten Streifen aufweist, diirfte meiner Ansicht kein 
Zweifel dariiber zu bestehen brauchen, dass wir es hier mit einem 
neuen, fiinften Allel der R-Serie zu tun haben. Dieses neue Allel will 
ich mit dem Symbol R,,, bezeichnen, abgeleitet von respergere = be- 
spritzen. Die Ordnungsfolge der nun bekannten fiinf Allelen von R ist, 
wie schon aus dem vorigen Abschnitt hervorgeht, nur zum Teil sicher- 
gestellt. 

In der vorliegenden Kreuzung Nr. 171 wurden folgende vier Typen 
mit homozygoter bespritzter Testa genetisch analysiert: 


Violettschwarz R,,,/Graulich Indigo: P c J G BV Ric 

Purpurschwarz R,,,/Rhamninbraun: PcJGBvR,,,; die Farbe 
der Bespritzung entspricht CS, XLIV, 65”’ m. 

Dkl. Purpur R,,,/Ageratumblau: PcJGbVR,,,; Farbe der Be- 
spritzung = CS, XII, 67 m. Die Grundfarbe Ageratumblau ist selten 
typisch sondern gewoéhnlich Zimmtbraun mit mehr oder weniger deut- 
lichem Anflug von Ageratumblau. In gleicher Weise ist die Grundfarbe 
Graulich Indigo haufig Rhamninbraun mit Graulich Indigo Anflug. 

Vandyke Rot R,,,;/Maisgelb: PcJGbuR,.,; Farbe der Besprit- 
zung = CS, XIII, 1’ k. 
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UBER DIE FUNF ALLELEN DES GENS R. 


In den. drei vorstehenden Abschnitten wurden Vererbungsstudien 
iiber Streifung, konstante Marmorierung und Bespritzung der Testa von 
Ph. vulgaris miigeteilt, die schliesslich zu der Erkenntnis fiihrten, dass 
die fir diese Eigenschaften verantwortlichen Gene zu einer Serie von 
fiinf Allelen des Gens R gehéren. Eine kurze zusammenfassende Be- 
trachtung liber diese mag hier am Platze erscheinen. 

Die Vererbung von roten, rétlichen bis dunkelvioletten Testafarben 
ist von Genetikern relativ wenig studiert worden. SHAW and NORTON 
(1918) teilten die Testafarben von Ph. vulgaris in zwei Serien ein, eine 
Gelb-Schwarz- und eine Rot-Serie, fiir die als solche je ein Gen M bzw. 
M’ (eine Art Grundgen) verantwortlich gemacht wurde. Kreuzungs- 
ergebnisse, die diese Annahme bestatigten, wurden aber nicht beige- 
bracht. TJEBBES (1931) schreibt die Ausbildung von roten Testafarben 
einem Farbgen R zu. LAMPRECHT (1935) studierte die Wirkung 
dieses Gens zusammen mit den vorher gut analysierten Farbgenen C 
und J und zeigte u. a., dass R in heterozygoter Form mehr oder weniger 
deutlich ausgebildete Marmorierung der Testa bedingt. 

Das Gen R hat gleich den anderen Farbgenen von Ph. vulgaris, 
C, J, Ins, Can, G, B und V, zusammen mit den Grundgenen fiir Testa- 
farbe P und Gri in dominanter Form eine bestimmte Farbenwirkung 
auf die Testa. P GriR-Samen sind Triibrosa gefarbt. P Gri r-Samen 
sind Reinweiss. Zusammen mit den anderen Farbgenen gibt R ver- 
schiedene rotliche-braunrote-violette-schwarze Farben der Testa. — 
Seit langem war nun auch bekannt, dass die Farbe Triibrosa ‘auch 
gestreift (Fig. 2) und konstant marmoriert (Fig. 3) auf Reinweiss vor- 
kommt (die Sorten Heinrichs Riesen und Konserva mit bunten Bohnen). 
Auch andere rétliche, braunrote und dunklere violett-blauschwarze- 
schwarze Streifung und Marmorierung kommt vor. Fiir die Ausbil- 
dung von Streifung wurde ein besonderes Gen S (E. v. TSCHERMAK, 
1912) und fiir Marmorierung M (SHULL, 1908) angenommen. Spatere 
Untersuchungen von TJEBBES und KOOIMAN (1921 a und 1921 b) zeig- 
ten, dass R und S ausserordentlich stark (absolut?) gekoppelt sind. 
Uber das Gen M fiir konstante Marmorierung lagen bisher keine dies- 
beziiglich klarlegenden Studien vor. Einige Forscher unternahmen den 
Versuch die durch Heterozygotie in C bedingte und die konstante Mar- 
morierung, M, durch Hypothesen genetisch unter einen Hut zu bringen 
(EMERSON, 1909 b; E. v. TSCHERMAK, 1912; PRAKKEN, 1934). 

Auffallend war nun, dass Streifung und Marmorierung stets nur 
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in gewissen Farben angetroffen wurden, d. h. in solchen, die durch das 
Gen R, allein oder in verschiedenen Kombinationen mit anderen Farb- 
genen, bedingt werden. Die vorliegende Arbeit zeigte nun, dass die 
Gene S, M und r bzw. R verschiedene Allelen desselben Gens darstellen. 
Dadurch war natiirlich auch die Unméglichkeit bewiesen, zwischen den 
vermeintlich selbstandigen, d. h. von R unabhangigen, Genen S bzw. M 
und R einen Koppelungsbruch anzutreffen. 

Die vorstehend mitgeteilten Beobachtungen zwingen also dazu, die 
friiher fiir Streifung und konstante Marmorierung der Testa benutzten 
Gensymbole S und M zu streichen und durch Allele zu R zu ersetzen. 
Als solche wurden R,, und R,,, gewahlit. Die von TJEBBES (1931) auf- 
gestellte Koppelungsgruppe C (von ihm mit dem schon friiher vergebe- 
nen Symbol B bezeichnet) —R—S wird hierdurch auf nur zwei Gene, 
C und R, reduziert. In vorliegender Arbeit wurde schliesslich eine neue 
Zeichnung der Testa, sog. Bespritzung, genetisch analysiert. Auch diese 
wird durch ein Rotgen bedingt und es konnte gezeigt werden, dass das 
betreffende Gen sich genau so verhalt wie friiher gerade fiir S und M 
angenommen worden ist. Dieses neue Gen stellt mit grésster Wahr- 
scheinlichkeit ein weiteres Allel der R-Serie dar und wurde in Uberein- 
stimmung hiermit mit dem Symbol R,,, belegt. 

Die vorgelegten Resultate sind auch entscheidend fiir die Haltbar- 
keit der von EMERSON, V. TSCHERMAK und PRAKKEN aufgestellten Hypo- 
thesen zur Erklarung der Vererbung von heterozygoter und konstanter 
Marmorierung. Diese sind als unhaltbar zu streichen. Eine nahere 
Erérterung hieriiber findet sich in dem Abschnitt tiber Marmo- 
rierung. 

Hervorgehoben zu werden verdient schliesslich die Erscheinung, 
dass der marmorierte Typus auch gleichzeitig Streifung aufweist. Die 
Wirkung des Allels R,,,, das ja iiber R,, dominiert (Spaltung 3 Rig : 
1 R,,), léscht die Wirkung des letzteren Allels nicht aus, oder besser 
gesagt R,,, bedingt also sowohl Marmorierung wie Streifung der Testa. 
Bei dunkleren Farben ist dies allerdings schwer zu erkennen. Ahn- 
liches kann auch in gewissem Grade von R,,, behauptet werden, denn 
dieses Allel bedingt auf der Testa nicht nur Bespritzung mit feinen, 
unregelmassigen Punkten sondern die Testa zeigt iiberdies gréssere 
Fleckchen in der Farbe der Bespritzung, die oftmals deutlich als Rudi- 
mente der durch R,, bedingten Streifung erkannt werden kénnen. Die 
feineren Fleckchen und Piinktchen der Bespritzung kénnten dann die 
durch die Wirkung des Allels R,,, aufgeléste Marmorierung darstellen. 
Ausgehend von dieser Uberlegung wiirde man dann als wahrscheinliche 
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Reihenfolge fiir die Allelen von R folgende von Dominanz nach Rezes- 
sivitat erhalten: R,,,-—R,,.—R,,—R—. 


SUMMARY. 


1. The inheritance of the different types of the polychromatic 
seed coat of Phaseolus vulgaris is studied. 

2. These types are the following: a) striped, b) homozygous 
marbled, a type which moreover always is striped, c) heterozygous 
marbled, and d) sprinkled. 

3. It could be stated that striped, homozygous (constant) marbled 
and sprinkled seed coat only appears, when the gene RF (for light roseate 
seed coat colour) is dominant. In connection with this phenomenon 
the genes, hitherto used for striping, S, and constant marbling, M, seem 
to be absolutely linked with R. 

4, Crosses between three pure lines with the constitution Rs m, 
RSm and RsM showed all monohybrid segregation 3:1. Herewith 
it was proved that the three genes R, S and M are different allels of 
the same gene R. 

5. R shows strong linkage with the seed coat colour gene C 
(already stated by TJEBBES). The same is naturally the case with 
S and M. 

6. In the present paper a new gene is stated for sprinkled seed coat. 
This gene is exactly in the same way as S and M absolutely linked with 
R and shows strong linkage with C. It is evident a new allel of the 
R-series. 

7. The hitherto known allels of the R-series are signified in the 
following way: R,.,—Rma—Rs—R—. 

8. The heterozygous marbling of the seed coat is caused by hetero- 
zygosity in C respectively in R. The Cc-marbling is always strong, the 
Rr-marbling contrary more or less indistinct. 

9. In connection with the fact that constant marbling is caused 
by the allel R,,, (which moreover causes red colour), the Cc-marbling 
never occurs in the same colours (excepting black). 

10. The hypotheses of EMERSON—SPILLMAN, E. v. TSCHERMAK and 
PRAKKEN to explain the inheritance of heterozygous and homozygous 
marbling from the same genetical point of view must now be considered 
as untenable. 
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FURTHER CONTRIBUTIONS TO A CHRO- 
MOMERE ANALYSIS OF LILIUM 


BY OTTO HEILBORN 


AGRICULTURAL COLLEGE, UPPSALA 





¥ a recent paper (HEILBORN, 1939), the writer presented preliminary 
data on the chromomere structure of the pachytene chromosomes in 
Lilium umbellatum. The chromomeres were described as chromatic 
discs separated by achromatic material, the pachytene chromosomes 
presenting an appearance essentially the same as that of the salivary 
gland chromosomes of Diptera. This discovery being of a certain 
general importance, further research seemed necessary. The main 
purpose of such a continued research may be summed up as follows: 
to gather more complete data regarding the chromomeres in Lilium; 
to investigate the possibilities of mapping the pachytene chromosomes 
with regard to their chromomeres; to investigate other plants, too, 
thus examining the possibilities of establishing a chromomere analysis 
of a more general scope. 

As the work proceeded, the writer soon realized that very great 
difficulties are met with. Positive results have as yet been obtained 
only with two species of Lilium (L. umbellatum and L. longiflorum) 
and the most evident new contribution is presented by a series of micro- 
photographs which are considered to give a good idea of the chromo- 
meres of these species. As regards the mapping of the chromosomes 
and the investigation of other plants, but little progress has been made. 
Thus before proceeding to a more detailed description of the chromo- 
meres in Lilium, a discussion of the technical and biological conditions 
for a chromomere analysis of plants seems to be appropriate. 


TECHNICAL AND BIOLOGICAL CONDITIONS FOR A 
CHROMOMERE ANALYSIS OF PLANTS. 


The technique used in the present investigation has been described 
in earlier papers (HEILBORN, 1937, 1939). As already pointed out (I. c. 
1939, p. 106), the cell walls of the pollen mother-cells present a 
special difficulty. In order to spread and stretch the chromosomes — 
thus making the chromomeres stand out clearly — it is necessary to 
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squeeze the pollen mother-cells in such a way as to cause the nuclei 
to escape out of the cell walls. At the same time, the nuclear mem- 
brane, too, must be crushed and the chromosomes spread. When a 
piece of tissue from the interior of an anther is smeared on a slide, 
the majority of the pollen mother-cells are only crushed and flattened 
by the pressure on the cover glass, and the nuclei do not emerge. How- 
ever, round the edge of the smear a border of plasm (without cell 
walls) appears and a number of nuclei are pushed into this plasm. 
A small proportion of these latter nuclei may have their chromosomes 
favourably spread. Plate I, Fig. 1, shows a piece of such a smear with 
flattened cell walls to the left and at the top, and plasm with nuclei 
to the right and at the bottom. 

The pressure on the cover glass has this effect only when the 
amount of tissue smeared is not too small. If it is very small, the method 
is apt to fail (the nuclei then do not escape out of the flattened pollen 
mother-cells). Consequently, the method works relatively well only 
with plants whose anthers have attained a considerable size already at 
the time when their pollen mother-cells enter the pachytene stage. A 
large size is required also for dissecting the anthers and removing the 
anther walls. 

Another technical difficulty lies in the extreme delicacy of the 
chromomeres. They are easily damaged. — Moreover, a successful 
~ chromomere analysis requires plant material with few and large chro- 
mosomes. 

Obstacles of a purely biological kind are also met with. The writer 
has observed repeatedly that fully developed chromomeres can_ be 
obtained only at the very end of the pachytene stage, immediately 
before the four chromatids separate at the beginning of diplotene. The 
general conditions for a good development of the chromomeres are 
obviously the same in the anthers of plants as in the salivary glands of 
the larvae of Diptera. In both cases, a prolonged prophase appears to 
be necessary. The termination of this prophase will be the favourable 
moment for the investigator. A little later, the salivary gland tissue breaks 
down at the pupation of the larvae, the chromatids separate at the 
beginning of diplotene in the pollen mother-cells. The transitional stages 
between the fully developed pachytene and diplotene pass rapidly. 
Hence, the appropriate stage is of short duration, al least in Lilium, and 
is difficult to catch. 

Low temperatures have a favourable effect upon the development 
of the chromomere discs in the salivary glands. The same thing may 
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be assumed with regard to the pachytene chromomeres. Plant ex- 
periments with temperatures slightly above zero seem, therefore, very 
desirable. 

Consequently, for a successful chromomere analysis of plants the 
fulfilment of the following conditions seems to be necessary: 

The plants should have large anthers and at the same time few 
and large chromosomes. A relatively large amount of pollen mother- 
cell tissue should be used when preparing the smears. The chromo- 
somes should be smeared at the very end of the pachytene stage. This 
stage is short. 


THE CHROMOMERES IN LILIUM. 


General. — When the pachytene reaches its terminal stage, the 
chromomeres appear as sharply outlined discs, some thin, some thick. 
The conjugation of the chromosomes is complete, and the chromomeres 
are seemingly quite homogeneous and uniform. All the chromosomes 
in Text-fig. 1 and Plate I belong to this stage. Somewhat later, when 
the chromatids separate at the beginning of diplotene, the discs become 
quadripartite, each consisting of four small chromomeres. The internal 
structure of the chromosomes now becomes somewhat indistinct, and 
the nuclei are no longer quite suitable for cytogenetic purposes. 

As pointed out in my earlier paper (1. c. 1939), some parts of the 
chromosomes contain preponderatingly large chromomeres, others 
smaller ones, in still other parts there is a mixture of different size- 
classes. The largest chromomeres appear as »knobs». The chromo- 
some arm to the left in Pl. I, Fig. 2, contains several thick chromomeres, 
among them one »knob», near the middle of the same figure is an arm 
with numerous, slender chromomeres. To the left of Fig. 4 (Pl. I) is 
another arm with mostly slender chromomeres. Figs. 5—6 (PI. I) 
show various size-classes. The chromosome end of Fig. 7 (Pl. I) 
contains one »knob» and, in addition, five slender discs. 

In my previous paper (1. c. 1939, p. 107) a difference between 
Lilium and Drosophila was touched upon: the »knobs» of Lilium are 
never seen in Drosophila, and the numerous, exceedingly delicate chro- 
momeres of Drosophila seemed to be absent in Lilium. The last- 
mentioned statement is confirmed by the study of the writer’s new 
material. Hence, though the chromosome structure is essentially the 
same in both types of organisms, the general appearance is somewhat 
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different. This circumstance seems to open up a possibility for a 
successful comparative analysis of chromomeres. 

Pairs of chromomeres. — As pointed out earlier (1. c. 1939), at 
many points in the chromosomes discs of equal size appear to lie in 
pairs. At certain points as many as 3—5 such equally-sized discs may 
be found together. When a chromosome is properly stretched, such 
discs of equal size may be seen lying close together but separated from 
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Fig. 1. Parts of pachytene chromosomes in Lilium, showing chromomeres. — 
a—d: L. umbellatum. e: L. longiflorum. — a: Chromomeres of equal size lying in 
pairs (cf. Pl. I, Fig. 6). — b: End of a chromosome with one »knob» and five slender 
discs, the two outermost of equal size, constituting a pair (cf. Pl. I, Fig. 7). — 
c: Another chromosome end (cf. Pl. I, Fig. 8). — d: A third chromosome end. — 


e: Chromomeres of equal size lying in groups of 3—5, groups separated by wide 
achromatic gaps (cf. Pl. I, Fig. 2). 





adjacent chromomeres or groups of chromomeres by somewhat wider 
achromatic pieces: Pl. I, Fig. 2 (cf. Text-fig. 1e) and Fig. 6 (ef. 
Text-fig. 1a). One further case of double chromomeres is seen in 
Pl. I, Fig. 5, and another at the very tip of the chromosome end in 
Pl. I, Fig. 7 (cf. Text-fig. 1b). The frequency of paired chromomeres 
seems to be about the same in both Lilium species investigated. In 
some fairly clear chromosome pieces analyzed, out of 112 chromomeres 
counted in L. umbellatum, 35 or 31 % were found in pairs (or in groups 
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of 3—5); in L. longiflorum 32 chromomeres of 85 or 38 % were likewise 
in pairs or groups. 

Paired chromomeres have probably arisen by duplication of 
originally single ones. Such duplicated chromomeres are a characteristic 
feature of many parts of the salivary gland chromosomes of Drosophila 
(e. g. the innermost part of the left arm of the third chromosome of 
D. melanogaster). Similarly, in Sciara METz (1938) reports numerous 
clear cases of small duplications of discs. Unequal crossing-over may 
be conceived as a possible mode of origin (cf. the very instructive 
discussion by METZ, p. 284). However, nothing particular is known 
about this point, nor do we know much about the genetic effects 
(though some such effects may be taken for granted). 

The first result of a chromomere duplication is a pair of chro- 
momeres. Repeated duplications at the same locus will then give rise 
to rows of several equally-sized discs, and sometimes the process will 
result in the condition, outlined above, in which some parts of the 
chromosomes contain large chromomeres only, others slender ones. 
We have here two different observations, made independently, one of 
characteristic differences in the distribution of thick and slender chro- 
momeres, and another of pairs of chromomeres of equal size, but both 
are probably only two phases of the same phenomenon. 

Repeated duplications of chromomeres may be supposed to have 
given rise to a gradual increase in the length of the chromosomes. In 
fact, the chromosomes of Lilium are known to be unusually long! On 
the whole, the long chromosomes of most higher organisms may have 
been gradually built up of chromomeres in some such way. This inter- 
pretation is speculative, it is true, but it seems to have a certain res- 
emblance to the theoretical views of some authors concerning supposed 
phylogenetic changes of chromosomes through »gradual growth» (ef. 
REUTER’s discussion, 1930, pp. 128, 141). 

Chromosome ends. — It is very difficult (practically impossible) 
to arrive at a complete chromomere map of the nucleus of a Lilium 
species. The same thing must be true of a great many other organisms. 
However, for certain cytogenetic purposes a knowledge of the structure 
of the chromosome ends only would suffice to furnish much valuable 
information. Thus, for instance, the cytogenetics of Datura is almost 
exclusively founded upon the ends of the chromosomes. Likewise, in 
the cytogenetics of Oenothera and other cases of segmental interchange 
the chromosome ends play an important réle. 

I have tried to examine the possibilities of such a type of chro- 
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momere analysis by searching for well-prepared ends of the chromo- 
somes of Lilium umbellatum. Unfortunately, the result is very meagre. 
Chromomere maps of three such ends (out of 24 ends, corresponding to 
12 haploid chromosomes) are presented in Text-fig. 1 b—d (cf. also 
Pl. I, Figs. 7—8). As seen, the differences in structure are considerable. 
It is true, that I do not as yet know anything about the constancy of 
these structural differences, but in view of all experience from Droso- 
phila and Zea mays, as well as, recently, also Antirrhinum (ERNST, 
1939) such a constancy need not be doubted. 


SUMMARY. 


The work presents new observations on the chromomeres of two 
species of Lilium, in addition to the preliminary data in the writer’s 
previous paper on the same subject. The technical possibilities of an 
analysis of the chromomeres are discussed. An important biological 
circumstance to be considered is the prolonged prophase that seems to 
be required for a good development of chromomeres. This conclusion 
is based on the observation that well-developed chromomeres are seen 
only at the very end of the pachytene stage, immediately before the 
chromatids separate at the beginning of diplotene. It is also in good 
agreement with the well-known fact that the chromomeres in the 
salivary glands of Diptera do not attain their full size until just before 
the pupation of the larvae. At the end of the pachytene of Lilium the 
chromomeres have the shape of sharply outlined discs, separated by non- 
chromatic parts of the chromosomes. These discs look quite homo- 
geneous; that each of them is composed of four small chromomeres, 
is not shown until the beginning of diplotene. Chromomeres of equal 
size often lie in pairs, sometimes in groups of 3—5. This phenomenon 
is regarded as being due to duplications of single chromomeres. Such 
processes have probably caused a characteristic distribution of the 
chromomeres, often occurring and observed already earlier, viz. that 
some parts of the chromosomes contain mostly thick chromomeres, and 
others slender ones. It may also be concluded that repeated duplications 
of chromomeres result in a gradual increase in chromosome length, a 
circumstance of a certain phylogenetic interest. A difference between 
Lilium and Drosophila is recorded: the former genus lacks the many 
very fine discs characteristic of the latter, but has, instead, a number 
of big »knobs» which are not found in Drosophila. Chromomere maps 
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of a few ends of chromosomes are presented as a tentative contribution 
to a more complete cytologic mapping. 
Uppsala, October 1939. 


EXPLANATION OF PLATE I. 


Microphotographs of smeared pollen mother-cells and pachytene chromosomes 
of Lilium. Fig. 1: 100 X. Fig. 3: 1300 X. Figs. 2, 4, 7 and 8: 1800 X. Fig. 6: 
1900 X. Fig. 5: 2300 X. Figs. 1—5: Lilium longiflorum. Figs. 6—8: Lilium um- 
bellatum. — Fig. 1: Smeared pollen mother-cell tissue with flattened mother-cells 
and empty cell walls to the left and at the top, plasm and nuclei, squeezed out 
of the cells, to the right’ and at the bottom (cf. text). — Figs. 2—4: Pachytene chro- 
mosomes with discoid chromomeres, separated by non-chromatic material (Fig. 2: 
cf. Text-fig. 1 e). — Fig. 5: Detail of Fig. 3. — Fig. 6: Chromomeres in pairs (lower 
chromosome arm; cf. Text-fig. 1 a). — Figs. 7—8: Two chromosome ends, showing 
different chromomere structure (cf. Text-fig. 1 b—c). 
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TRIPLOIDY IN TRITON TAENIATUS LAUR. 


BY J. A. BOOK 


INSTITUTE OF GENETICS, LUND, SWEDEN 


(Preliminary Note) 





. investigations would appear to show that polyploidy, 
especially triploidy, is not too rare among amphibians. Triploid 
individuals have been found among Anura within the species Rana 
esculenta (G. and P. HERTWIG, 1920; DALCQ, 1930), Rana fusca (DALCQ, 
1930) and Rana pipiens (PARMENTER, 1933) as well as among Urodela 
within the species Triton palmatus (FANKHAUSER, 1934) and Triturus 
viridescens (FANKHAUSER and KAYLOoR, 1935). In all of these cases the 
findings were made on larvae or embryos from preserved material. 
More recently, FANKHAUSER (1938 and 1939) demonstrated the occurr- 
ence of triploidy in natural populations of Triturus viridescens and 
Eurycea bislineata; among the latter tetraploids were also discovered. 
In these two species the number of chromosomes was determined by 
studies of mitoses in the tail epithelium and connective tissue of the 
larvae, tissues of different embryogenic origin. In Triturus viridescens 
the development of the larvae up to metamorphosis was studied by 
FANKHAUSER. 

In the course of an investigation on the spermatogenesis in Triton 
teniatus Laur. (syn. Triturus vulgaris L.), a species very common in 
Sweden, an individual with triploid testes was found. As triploidy was 
not the object of investigation at the time, the other parts of the animal 
were unfortunately thrown away, and hence it is not possible to assert 
definitely that all the cells were triploid. 

Not much can be said, of course, about the individual from which 
these triploid testes were taken and fixed (in BOUIN-ALLEN’s fluid). In 
general habitus it did not present any deviations from normal diploids. 
Its size was certainly above average, though quite within the range of 
variation. This agrees with FANKHAUSER’s finding (1939 a) in Triturus 
viridescens. 

Histology of the testes. — A cytological study of the meiosis in this 
triploid is in progress. Abundant divisions of spermatocytes and pre- 
spermatids were observed. The first metaphase shows the chromosome 
configurations well known from the meiotic divisions in triploid plants 
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(cf. Figs. 1 and 13). It would appear to be the first time these con- 
figurations have been observed in a triploid animal within the vertebrate 
phylum. Fig. 1 shows a completely analysed first metaphase in the 





Fig. 1. First metaphase chromosomes of spermiogenesis in triploid testis. 2n — 36. 

(X 1340). — Fig. 2. First metaphase bivalents of spermiogenesis in diploid. 2n — 24. 

(X 1340). — Fig. 3. Second metaphase of spermiogenesis in diploid. 12 chromo- 

somes. (X 2100). — Fig. 4. Second metaphase of spermiogenesis in triploid testis. 
In this instance 15 chromosomes. (X 2300). 





Fig. 5. Cross section of ampullae testis in triploid. Sperms and pycnotic nuclei. 
Gentian violet. Photomicrograph. (X 700). — Fig. 6. Cross section of ampullae 
testis in diploid. Gentian violet. Photomicrograph. (X 70). 
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triploid. It will be noticed that there are seven trivalents, four bi- 
valents and seven univalents, these being equivalent to thirty-six chro- 
mosomes (the number of chromosomes in a normal diploid is 24). For 
comparison Fig. 2 shows the corresponding stage in the diploid with 
twelve bivalents. 

It is quite natural that the reduction division in this triploid should 
give rise to pre-spermatids with highly variable chromosome numbers 
(cf. Figs. 3 and 4). Just as a reduced pollen fertility is found in tri- 
ploid plants, a similar sterility might be expected here in the shape of a 
partially reduced sperm-cell viability. In spite of the fact that so far no 
sure cases of selective gametic elimination are known in animals, it 
seems highly probable that in the 
present material a number of pre- 
spermatids and spermatids would 
degenerate and be resorbed, owing 
to a highly deviating chromosomal 
constitution (ef. Fig. 5). A com- 
parison with the diploid shows 
that the number of ripe sperms in 
the ampullae testis is substantially 
smaller (Figs. 6 and 7). 

So far as the sections show, 
the ampullae testis also contain 
typical degeneration products from 





Fig. 7. Cross section of ampullae testis 
in triploid. The number of histologically 
spermatids that, probably on ac-  pormal sperms in the ampullae is lower 


count of changes in the genome, in comparison with Fig. 6. Several pyc- 


notic nuclei can be observed. Gentian 


have not been able to complete violet. Photomicrograph. — (X 70). 


their development into sperm- 
atozoa. There may accordingly have been present a haplontic sterility 
(MUNTZING, 1930). 

The size of the cell nuclei at the beginning of the first prophase 
as measured by their diameters shows an increase in the triploid by 
about 30 per cent. As yet, however, only a comparatively small num- 
ber were measured. 

Those nuclei which are formed after the first division, correspond- 
ing to the pre-spermatids in the diploid, exhibit an immense variation 
in size. (It may be an open question if a nucleus, for instance formed 
by two or three univalents should be called a pre-spermatid or not.) 
This variation depends of course on the varying number of chromo- 
somes (cf. Figs. 8, 9 and 10). In certain cases it was also found that 
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three nuclei are formed at the first telophase. In some cases they are 
of the same size, in others a few univalents form micronuclei. The 





Fig. 8. Reduced nuclei of diploid testis. Very small variation in size. Gentian violet. 

Photomicrograph. (X 350). — Fig. 9. Reduced nuclei of the triploid testis. The 

nuclei are on the average larger than in Fig. 8 and there is a considerable variation 

in size. Gentian violet. Photomicrograph. (X 350). — Fig. 10. Some reduced nuclei 

of the triploid testis, showing very clearly the variation in size. Gentian violet. 
Photomicrograph. (X 350). 





Fig. 11. Metaphase plate of mitosis in the triploid. Epithelial cell of epididymis. 
36 chromosomes. (X 2000). — Fig. 12. Photomicrograph of the same plate drawn 
in Fig. 11. Gentian violet. (X 550). 


nuclei of the ripe sperms, i. e. the heads, also exhibit a corresponding 


variation. 
A complete mitotic metaphase plate, which is necessary for an 
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exact count of the chromosome number, was found in an epithelial cell 
of the epididymis (Figs. 11 and 12). In this exactly thirty-six chromo- 
somes could be counted. 

Sex. — Both the testes as well as the other sexual organs were 
macrescopically of the same size and appearance as in normal diploid 
males. What this implies from the point of view of sex-determination 
cannot be stated at present, since the sex-determining mechanism in 
amphibians is not yet known, although, as FANKHAUSER says, »there 
are indications that the male sex is heterogametic». Anyhow, the 
mechanism does not seem to be the same as in Drosophila (BRIDGES, 
1922). If it were, triploids 
of the XXX and XXY types 
would be expected, _ the 
former being females (3X : 
3A) and the latter intersexes 
(2X :3A). No normal males 
could develop. Now in this 
species there is a male, un- 
doubtedly uniformly triploid, 
without signs of intersexual- 
ity. Moreover, FANKHAUSER 
(1938 c) in the species Trit- 
urus_ oviridescens described 
one individual which prooved 
to be triploid throughout and 


contained typical testes. Fig. 13. First metaphase groups in triploid 

The facts so far known. ‘¢stis-  Trivalents and univalents can be ob- 
: > served. Gentian violet. Photomicrograph. — 
however, cannot explain the (X 370). 


mechanism of sex-determin- 
ation in this genus. It is possible that investigations on the sex-differ- 
ence in triploid individuals, experimentally produced by cold treatment 
of fertilized eggs (see below and FANKHAUSER, 1939b) may throw 
light on this problem. 

Another line of approach is available in the investigation of the 
sex-difference in haploids. Of these, however, as yet only one animal 
has been developed so far that the sex could be established, and this 
was a female (FANKHAUSER, 1938 b). 

The possibility of the sex-determining mechanism being pheno- 
typically controlled must be pointed out, although this may be presumed 
to be a less likely contingency. 
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General discussion: — The occurrence of a probably partially 
fertile triploid vertebrate in a natural population must be awarded some 
significance from the points of view of species formation and morpho- 
genesis. The assumption of the partial fertility of this individual is so 
far only based on the histological conditions. Since spermatohisto- 
genesis inherently possesses a very balanced physiology, there would 
appear to be scarcely any reason to assume that histologically fully 
normal sperms should not be capable of function. In cases of com- 
plete sterility, e. g. in hybrids, no sperms at all are developed. The 
spermatocyte stage is not passed (e. g. Carina X Anas). On the other 
hand, when mature sperms are discovered in the testes of hybrids, these 
hybrids are also found to be partially fertile (e. g. Serinus serinus X 
S. canarius; POLL and TIEFENSEE, 1907). 

Phylogenetically it is in principle immaterial whether the in- 
dividual under investigation was a triploid throughout or not. It is 
extremely probable, though, that such was the case, especially in the 
light of FANKHAUSER’s (1939b) demonstration that triploid animals 
can be experimentally produced by means of cold treatment of normally 
fertilized eggs at the beginning of their development. It is to be assumed 
that this treatment prevents the formation of the second polar body, 
which normally is not formed until after the sperm has entered the egg, 
and the result is a triploid zygote. 

This mode of formation may be assumed with a high degree of 
probability to be responsible for the origin of triploid animals in 
natural populations of the Triton species in this country. They lay 
their eggs early in spring, often while there is still ice in the water. 
Hence a severe night frost is all that is needed to create the same 
conditions as prevail during the experimental cold treatment. 

Of course, it is also conceivable that a diploid egg-cell may arise 
in some other way than by external action, and at normal fertilization 
give rise to triploidy. Thus, for instance, chromosome bridges were 
twice observed in normal diploids, and one univalent was in one case 
observed, all during the first telophase of spermatogenesis. These three 
findings, however, are not sufficient as a basis for any theoretical 
explanation. Further investigations must, if possible, show the occurrence 
of meiotic disturbances that could give rise to diploid gametes. 

Another conceivable explanation is the formation of unreduced 
sperm-cells, but these would then carry a relatively large amount of 
chromatin, and would probably not be able to compete successfully 
with the normal haploid sperms. 
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Lastly, with reference to polyspermy (dispermy), a physiological 
fertilization of this kind is of common occurrence in the Triton genus 
(cf. FANKHAUSER, 1924), and a pathological one with accompanying 
multipolar configurations at divisions could, presumably, scarcely lead 
to the origin of a triploid individual. 

Of these different theoretical possibilities, the first (lowered tem- 
perature) appears to me to be the most probable. If this assumption is 
correct, a greater frequency of triploids ought to be found in regions 
where the climate affords the above-mentioned conditions. Further 
investigations will be conducted with a view to establish the frequency 
of triploids in nature. 

As regards the Urodela, it seems as if triploidy has no considerable 
influence on their viability. In any case it does not constitute any 
obstacle to the attainment of sexual maturity. A further increase of the 
chromosome number to tetraploidy, however, results according to 
FANKHAUSER (1939 b) in a reduction of size and a considerable lowering 
of viability. This would suggest that the animal organism is much 
more sensitive than the plant organism to polyploidy. 

According to MUNTZING (1936), the occurrence of polyploid series 
among plants is very common. However, no direct homology to this 
has been discovered in animals, which might be explained on the above- 
mentioned grounds. The abundant occurrence in triploids of gametes 
with varying chromosome numbers indicates, however, a path by which 
the chromosome number could undergo an increase. The previous 
reference to haplontic sterility did not imply that all gametes with 
aberrant chromosome numbers are eliminated by selection, but prob- 
ably only the most extreme ones. Crosses between diploids and tri- 
ploids may reveal whether this possibility has any foundation in 
fact. In plants, however, individuals with extra chromosomes are 
known to have a reduced viability (cf. DARLINGTON, 1937). 

Another fact of phylogenetic importance that stands out rather 
clearly is that triploids by virtue of the meiotic disturbances which must 
occur in them offer greater chances for the origin of new chromosome 
types. In plants, for instance, it has been shown that the frequency 
of structural chromosome changes is considerably increased in triploids 
(cf. MUNTZING, 1939, p. 343). 

Appendix. — It was also found that the nuclei of the erythrocytes 
were definitely larger. This indicates that at least the whole mesoderm 
must have been triploid. On the basis of this fact, also found by 
FANKHAUSER in his material, a method to identify an increased chro- 

Hereditas XXVI. 8 
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mosome number by blood diagnosis is under elaboration, If this 
method really works it might be extended even to other vertebrate 
classes, 
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INTRODUCTION. 


years ago the present writer reported the occurrence of 
apomictic seed development in Poa pratensis and Poa alpina 
(MUNTZING, 1932), and in the same paper the occurrence of a sexual 
alpina strain was also described. The chromosomal conditions in the 
material studied were found to be peculiar, the biotypes of both species 
being characterized by various, mostly aneuploid, chromosome num- 
bers. 

These findings have been verified and much extended by several 
workers (NILSSON, 1933, 1937; RANCKEN, 1934; KIELLANDER, 1935, 1937; 
AKERBERG, 1936 a, 1936 b, 1938, 1939; FLovik, 1938). 

Though progress in my own Poa investigations has been slow, 
several data have accumulated, which justify the following report. The 
results chiefly concern the occurrence and inheritance of apomixis in 
Poa alpina, but some observations gathered in Poa pratensis may be 
recorded at the same time. 


I. THE APOMICTIC BIOTYPES IN POA ALPINA. 
1. MATERIAL. 


Originally, eight apomictic alpina biotypes were studied. Six of 
these are of Swedish origin, the other two were obtained from Norway 
and Switzerland. Two of the Swedish biotypes are from Korpilombolo 
and Pajala in North Sweden and have the chromosome numbers 38 and 
33 respectively. A third biotype from Jamtland (Middle Sweden) was 
found to be characterized by the chromosome number 38. Of two south 
Swedish biotypes the one from Mésseberg has 2n = 33, whereas the 
other one, from the island of Oland, was found to have 2n=35. Of 
the foreign apomictic alpina biotypes the one from Norway (Troms) 
was found to have 38 chromosomes, like the types from Korpilombolo 
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and Jamtland. Finally, the Swiss biotype (from St. Gothard) re- 
presented a new number, viz. 2n = 37. 

In addition to these 8 strains, different degrees of apomictic seed 
development were also observed in a new collection of Swiss alpina 
types. This material, however, will be discussed below under a separate 


heading. 
2. CHROMOSOMAL AND MORPHOLOGICAL ABERRATIONS. 


Chromosome counts have revealed the fact that some of the 
strains studied are not absolutely constant, a certain proportion of indi- 
viduals with deviating chromosome numbers being produced. This is 
evident from Table 1, which summarizes all chromosome numbers so 
far obtained in the material in question. In strains 3, 4 and 7, the 
values given in the table were all found in a single individual progeny 
after isolation, in the other strains the values represent the total result 
from counts of more than one progeny (cf. below p. 118). In each 
strain, however, the different progenies gave quite similar results. 

The highest degree of aberrant formation is found in strain No. 8 
(St. Gothard). In this strain (Fig. 17) the chromosome numbers of 27 
individuals were determined, and of these plants 16 were found to have 
2n = 37. Evidently, this is the typical number of the strain, the remain- 
ing 11 plants having more or less clearly aberrant numbers. Of these 
aberrants those with 45, 67, 72 and 74 chromosomes are quite indisput- 
able, but the other deviations from 37 may be suspected to be due to 
slight errors in counting. The plant with 2n = 33, however, is certainly 
a true aberrant, three rather clear chromosome plates giving the same 
number. The plants having presumably 36, 38 and 39 chromosomes 
are more dubious, and the evidence that they really differ from the 
typical number 37 is not quite convincing. 

Morphologically, the aberrants with 45 to 74 chromosomes had 
been recognized to be more or less clearly deviating before the chromo- 
some numbers were known. The other plants, including the one with 
2n = 33, were not seen to show any morphological deviations. — The 
six aberrants with high numbers were less vigorous than the typical 
plants. Vigour in this material was estimated by using a scale from 
i—10, the higher values representing the more vigorous plants. The 
values of the six aberrants in question ranged from 3 to 5, the average 
being 4,5. The corresponding values of ten typical plants, having 
2n = 37, ranged from 6 to 9 with an average of 8,2. 

The typical chromosome number of the Gotland biotype (Fig. 15) 
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is evidently 2n=— 33, this number 
- being found in 11 out of 15 plants 
studied (Table 1, strain 7). The other 
chromosome numbers are clearly 
deviating (2n = 41, 49, 64 and 65 re- 
spectively). An interesting point is 
that these aberrants were not detected 
by morphological inspection. Also the 
vigour of the aberrants was in this case 
equal to that of the plants with a nor- 
mal chromosome number. 

Two other strains have also pro- 
duced aberrants with high chromo- 
some numbers, viz. the Troms and 
Mosseberg strains. In the former a 
plant with 74 chromosomes appeared, 


whereas the typical number of the 


strain is evidently 38. In the Mdésse- 
berg strain 44 out of 46 plants were 
found to have 2n= 33. Of the two 
aberrants one had 2n = 52, the other 
2n = 28. The latter plant died before 
morphological notes were made, the 
other aberrant with 2n = 52 had quite 
good vigour but was not observed to 
be morphologically divergent. The 
aberrant plant in the Troms strain, on 
the contrary, was weaker than the 
normal plants and was conspicuous by 
its markedly bluish green leaves, stiff 
panicles and short panicle branches. 
In the remaining four strains (Nos. 
1, 2, 3 and 5) no true aberrations seem 
to occur. The values slightly differing 
from the typical numbers (38, 33, 38 
and 35 respectively) are probably due 
to slight errors in counting. Thus, for 
instance, in one of the plants belonging 
to strain 3 two of the three plates 
studied gave the value 37, while the 


TABLE 1. 


Chromosome numbers in some apomictic strains of Poa alpina. 
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third plate seemed to contain 38 chromosomes. Therefore, although the 
chromosome number of the plant was considered to be + 37 and given as 
37 in the table, it is possible and even probable that the correct number 
is 38, the typical number of the strain under consideration. The same 
arguments apply to all other deviations by + 1 from the typical number. 
Even an apparent deviation by 2 chromosomes may possibly be due to 
difficulties in counting, especially if the fixations are not very good. 
Thus, in strain 6 there is one value of 37 in the table. This count was 
based on four plates, giving the values 37, 37, 37 and 35. Since 35 is 
the normal number in this strain it is not excluded that 35 is the correct 
number. 

Summing up, it can be said that four of the eight strains studied 
seem to be perfectly constant in chromosome number, and this is also 
accompanied by a complete morphological uniformity. In the four 
other strains a certain proportion of true aberrants with a slightly 
deviating morphology are produced, but the frequency of aberrants 
differs in different strains. Thus, in strain 8 there are at least 7 aberrants, 
which corresponds to a percentage of 25,93 + 8,43. In strain 5 the 
corresponding percentage value is 4,35 + 3,01. The difference is 
21.58 + 8,95 and D/m = 2,41. The odds that this difference is significant 
are 63:1. It should be remembered that the percentage of aberrants 
in strain 8 is a minimum value, the true value probably being somewhat 
higher. Under such circumstances the significance of the difference in 
question is beyond reasonable doubt. — If a higher number of indi- 
viduals had been studied it is quite possible that a few aberrants would 
have appeared also in the strains that now seem to be perfectly constant. 
At any rate the percentage of aberrants must, however, be very low in 
these strains. 

It is striking that most of the aberrants formed have an increased 
number of chromosomes. In the table there is a total of 14 indisputable 
aberrants, and of these only two have lower numbers than normally. 
Of the 12 aberrants with high numbers 8 plants are exactly or 
approximately tetraploid in relation to the normal plants, two aberrants 
are approximate triploids, and the remaining two represent other 
deviations. 

As already mentioned above, the chromosome numbers of biotypes 
1, 2, 5, 6 and 8 cited in Table 1 represent the sum of chromosome 
counts in more than one progeny. These progenies were partly raised 
after isolation, partly after open pollination. Since it was found, how- 
ever, that in progenies of both kinds the chromosome numbers were 
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quite similar only the total values are given in Table 1. It should be 
mentioned, however, that exactly half of the plants studied were raised 
from a crossing group consisting of one plant each of the strains 1, 2, 
‘5, 7 and 8. These plants were put together in an isolation cage in the 
greenhouse, and clouds of pollen were repeatedly induced inside the 
cage by rubbing the plants with a stick. This experiment was under- 
taken in order to see, whether a rich access to foreign pollen would 
diminish the constancy of the biotypes, previously observed. If the 
results of isolation and mixed pollination are compared the following 
survey is obtained: 


Isolation Mixed pollination 
Strain No. Typical plants Aberrants Typical plants Aberrants 
1 6 a 22 _ 
2 7 —-— 24 ~ 
3 7 — — - 
4 6 1 -- — 
5 27 1 17 1 
6 39 —- —- — 
7 -- — sia | 4 
8 6 —- 14 a 


Evidently the mixed pollination did not increase the number of 
aberrants in biotypes 1, 2 and 5. Only in biotype 8 do we find any 
indication of a positive result, all 7 aberrants obtained occurring in the 
progeny from mixed pollination. 


3. THE TYPICAL CHROMOSOME NUMBERS. 


Concerning the typical chromosome numbers of the strains studied, 
it is interesting to note that with the exception of the Oland strain, 
which has 2n = 35, all the other Scandinavian strains have either 33 
or 38 chromosomes. The number 38 is evidently typical of the strains 
from Korpilombolo (in the province of Norrbotten) and Jamtland as 
well as of the Norwegian strain from Troms. As reported previously 
(MUNTZING, 1932), the same number was also found in a biotype from 
Pajala (in the same province as Korpilombolo), The Pajala biotype 
considered in the present paper, however, has 2n = 33, and the same 
number is present in the Mésseberg biotype and also in the biotype from 
Gotland. These three localities are separated by wide distances. 
Nevertheless, this identity in rather peculiar chromosome numbers 
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suggests some kind of relationship within the 38 chromosome as well as 
the 33 chromosome group. Morphologically, however, all the biotypes, 
even those having the same number, were clearly distinct. 

The biotype from Oland is rather different from the other Scan- 
dinavian alpina biotypes, not only in its chromosome number (2n = 35) 
but also by the fact that it is quite difficult to keep in culture. Several 
progenies of this biotype have been raised, but almost all plants in 
these progenies only survived one summer and died during the follow- 
ing winter. Thus, in contrast to the other Scandinavian alpina types, 
the Oland apomict studied is ephemerical. It remains to be studied 
whether this type also behaves as an annual in its proper habitat. 


4, FERTILITY. 


As already reported in my previous Poa paper, pollen fertility in 
the Poa alpina apomicts is quite good. All data on pollen fertility 
available are summarized in the following table: 


Per cent apparently good pollen 


Gt. tte 4) 40 — 50 — 60 — 70 — 80 — 90 — 100 n M 
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Strains 5 and 6 (Mésseberg and Oland) seem to have less good 
pollen fertility than the other strains, but more data are needed in order 
to prove that definitely. The main thing, however, is the high average 
pollen fertility, which is just as good as in any sexual cross-breeding 
plant species (cf. MUNTZING, 1939). 

In all strains observed seed production was found to be abundant 
upon open pollination, and no difficulties were encountered in getting 
plenty of seeds on isolated panicles. — Only in one single case was a 
failure of seed setting met with. This was in a pot plant of the Gotland 
strain which flowered alone in a relatively dry and warm greenhouse. 
For some reason most of the anthers of this plant did not dehisce, and 
very few seeds were produced in spite of the fact that the female organs 
seemed to be quite normally developed, and the plant was typical 
morphologically. In another plant of the same strain, flowering at the 
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same time in an isolation cage in the same greenhouse, pollen as well as 
seed production were found to be normal. Thus, though no direct 
crossing experiments have been undertaken, the observation made 
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Figs. 1—5. Meiosis in the apomictic Poa alpina biotype from Pajala, North Sweden 

(2n =: 83). — Fig. 1, I—M in side view (separately drawn), 3y,,; + 11,, + 2;; Fig. 2, 

I—M in polar view, probably 2;y + 2;;, + 7, + 5;; Fig. 3, I—M group with multi- 

valent and 7 univalents; Fig. 4, multivalents from different I—M groups (the one 

to the right not visible in its entire length); Fig. 5, I—A with the distribution 
18—2/2—14. 






strongly indicates that pollination is necessary for seed development in 
the strain in question. Especially since AKERBERG (1936 a) has proved . 
Poa pratensis to be pseudogamous, it is quite probable that apomixis 
in Poa alpina is of the same kind. 
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Figs. 6—7. Meiosis in the Pajala apomict of Poa alpina (continued). — Fig. 6, 
I—A with dicentric chromatid and fragment, 5 univalents divide; Fig. 7, I—A 
showing division of 7 univalents. — Fig. 8, I—M associations in the apomictic 


alpina biotype from Mésseberg (2n = 33); from the left to the right: a multivalent 
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5. MEIOSIS. 


Meiosis in the p. m. c. was mainly studied in one of the apomictic 
alpina strains, viz. the Pajala strain with 2n = 33. Some additional 
evidence was also gathered from the Mésseberg and Korpilombolo 
strains. 

In the Pajala strain meiosis is rather irregular and may be charact- 
erized as follows: At I—M there are plenty of univalents which generally 
divide at I—A and lag at II—A. As a consequence of these irregularities 
there is a considerable amount of chromosome elimination. Of the 
I—M associations bivalents are most frequent, but trivalents also occur. 
Associations of more than three chromosomes are more rarely met with. 
At meiosis no fragments were observed, the univalents being of normal 
size. The strain in question may evidently be characterized as a quite 
unbalanced, partially autopolyploid, aneuploid. This characterization 
is based on the following detailed observations (cf. Figs, 1—8): 

At I—M a total of ten complete groups were found to represent the 
following eight configurations: 


Qe + Qn t+ Faq + 5, (1 cell); 3, + 11, + 2, (1 cell) 
ly + 2g; + 10g +3, (> >. )s Sg t+ 1 + 4% (2 cells) 
liv lin t+ 10, +6, (> » ); Su t+ MF +6, (» » ) 
ly + 12, + 5, (> » ); Ip, +13, + 4, (1 cell) 


Thus, in all cells studied trivalents or quadrivalents or both were 
present. The maximum number per cell of such associations is 4 and 
the average number is 2,6. Since the fixation was not ideal, it is 
possible that the interpretation is not always accurate, but in the main 
the configurations given are certainly correct. Two of the configur- 
ations are represented in Figs. 1—2. In Fig. 1 there are 3 trivalents, 
11 bivalents and 2 univalents, in Fig. 2 the configuration is probably 
21y + 24; + 74 + 5, Most of the trivalents are V-shaped. Some separate 

.trivalents and quadrivalents are represented in Fig. 4. In Fig. 3 the 


composed of 7 or 8 chromosomes, part of a multivalent, a quadrivalent and (for 
comparison) two bivalents from the same group. — Figs. 9—11, I—M and I—A in 
an F,; hybrid of the cross sexual X apomictic Poa alpina (2n — 41). — Fig. 9, five 
multivalents and for comparison three bivalents and one univalent. The bivalents 
and the univalent are from the same I—M group as the large multivalent, which is 
probably composed of seven chromosomes; Fig. 10, I—A plates, showing the dis- 
iribution 20—21; Fig. 11, I—T, division of three univalents. — Figs. 12—13, regular 
I—M in a sexual Poa alpina plant with 2n = 22. Fig. 12, side view (separately 
drawn), 11,;; Fig. 13, polar view, 11,;. 
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metaphase group is characterized by the presence of a big multivalent, 
consisting of at least four chromosomes. In the same group there are 
as many as 7 univalents. 








Figs. 14—17. Four different Poa alpina apomicts. — Fig. 14 represents the biotype 

from Mésseberg (South Sweden), Fig. 15 the biotype from the island of Gotland, 

Fig. 16 the biotype from Pajala (North Sweden), and Fig. 17 the strain from 
St. Gothard (Switzerland). 


The number of univalents at I—M was counted in 50 cells, the 
following distribution being obtained: 
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~) 


Number of univalents: 0 1 2 3 4 5 6 
» rE ae oS 7 436 16%. .5 


Thus, univalents were present in every cell observed, their average 
number being 3,68. 

At first anaphase dividing univalents were observed in every cell 
(cf. Figs. 6—7). The frequency was found to be as follows: 


Number of dividing univalents: 1 2 3 4 
» ee 2 10 13 8 


The average number is 3,47, which closely corresponds to the 
average number of univalents present at I—M. 

Fig. 5 shows a first anaphase (somewhat flattened by pressure) 
in which the distribution is 14—-2/2—18. In addition to these chromo- 
somes there is a possible fragment in the upper group. 

A quite clear case of dicentric chromatid and fragment is visible 
in Fig. 6. Thus, the strain in question must be heterozygous for an 
inversion or a duplication. 

In addition to the data gathered in the Pajala biotype, some ob- 
servations could also be made in the Mésseberg strain, which has the 
same chromosome number (2n = 33). At I—M the chromosome con- 
figurations are evidently of the same type as in the Pajala strain. 
' Fig. 8, third association from the right, represents a clear quadrivalent. 
For comparison two bivalents from the same group are drawn to the 
right of this quadrivalent.- In Fig. 8, to the left, there are two other 
multiple configurations. One of them (drawn in outline) consists of 
at least 6 chromosomes. The other big multivalent is also composed 
of several chromosomes but is only partly visible. 

Meiotic irregularities occur not only in the apomicts with 2n = 33 
but were also observed in one of the strains with 38 chromosomes 
(the Korpilombolo apomict). Also this strain was found to be charact- 
erized by the occurrence of univalents and multivalents, besides bi- 
valents, at I—M and showed the usual resultant irregularities at later 
stages. The number of univalents at I—M was counted with the 
following result: 





Number of univalents: 0 1 > 3:4. 5 
» » cells:..... 4: 16. 22 12. 1 2 


The average number is 2,01 and seems to be lower than the corres- 
ponding value, 3,68, obtained in a slide of the Pajala apomict (2n = 33). 
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6. EMBRYOLOGY. 


The occurrence of apomixis in Poa was first demonstrated by 
cytogenetic methods, but, naturally, an embryological verification of 
the results obtained seemed highly desirable. Therefore embryological 
fixations of some alpina and pratensis strains were made. During a 
stay in Stockholm in 1933 I had the opportunity of making a prelimin- 
ary study of this embryological material under the guidance of Pro- 





Figs. 18—19. The first stages of embryo-sac development in an apomictic Poa 


alpina biotype. — Fig. 18, the macrospore mother cell is enlarged and contains 
several vacuoles; Fig. 19, a developing embryo-sac with two nuclei; no degenerating 
macrospores. 


fessor O. ROSENBERG. Though, for various reasons, this investigation 
was never finished one result obtained may be mentioned. 

In the Pajala strain of Poa alpina (2n = 33) the first stages of 
embryo-sac development were observed (Figs. 18—19). Without ex- 
ception the embryo-sac was found to develop directly from the macro- 
spore mother cell, meiosis thus being omitted. Fig. 18 shows a uni- 
nucleate macrospore mother cell, which is evidently passing through 
the first stages of embryo-sac development. This is evident from the 
conspicuous vacuolisation. In Fig. 19, the next stage, a binucleate 
embryo-sac is met with. At this stage no trace of degenerating macro- 
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spores can be seen, thus confirming the conclusion that we have here 
a case of diploid parthenogenesis, according to the Antennaria-scheme. 


Il. THE SEXUAL POA ALPINA MATERIAL FROM 
SWITZERLAND. 


1. THE FIRST PROGENIES. 
A. CHROMOSOMAL VARIATION. 


As described in the previous paper (MUNTZING, 1932), a seed 
sample of Poa alpina obtained from Switzerland gave rise to a material 





Figs. 20—21. Two plants of the sexual Poa alpina strain from Fiirstenalp, Switzer- 
land. The plant in Fig. 20 has 31 chromosomes, the individual in Fig. 21 has 2n — 22. 


which was highly variable in chromosome number as well as mor- 
phology (cf. Figs. 20—21). In order to prove that this variation was 
due to sexuality, three progenies were raised from isolated mother 
plants, having the chromosome numbers 24, 25 and 31 respectively. 
Chromosome counts in a total of 27 daughter plants revealed the 
variation given in Table 1 of the paper mentioned. Since that was 
written a higher number of plants in these progenies have been 
examined cytologically and chromosome numbers are now available 
tor 77 individuals. The chromosomal variation among these plants is 
given in Table 2. 
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TABLE 2. Chromosome numbers in progenies of sexual Poa alpina 














plants. 
| | Cl 
Somatic chromosome numbers ieee ate 
Field ‘ ‘ Pee ae number of 
number | the mother | 
| 21 | | 22 | 23 | | 24 | 25 | 36 27 | 28 bead | 30 i 31 (32) 33 | | plant 
| | | | 
Pre a 16| 23,2 5 
ie eee Pe ee Lee pee | 39 | 23,69 24 
—dd | Wie Babes ees ee 4 | 22} 30,23 31 


The following conclusions may be drawn from the table: a) all 
three mother plants must be sexual; b) there is a slight average de- 
crease in chromosome number, and the aberrants with lower numbers 
than the mother are more numerous than those with higher numbers. 

Thus, the mother plant having 2n = 25 gave a progeny with the 
average chromosome number 23,2, the corresponding values of the 
other two mother plants being 24—23,69 and 31—30,23. This average 
decrease is probably due to meiotic irregularities and chromosome 
elimination. It may be observed, however, that the degree of this 
elimination may differ in different plants. Thus, the mother plant 
32—53 is evidently more stable than the 32—52, judging from a lower 
degree of chromosome variation in the progeny and a very slight de- 
crease of the average chromosome number. Even in this progeny, 
however, the number of aberrants with lower chromosome numbers 
than the mother is clearly higher than the aberrants with higher num- 
bers (18 versus 7). 


B. CORRELATION BETWEEN CHROMOSOME NUMBER, VIGOUR 
AND FERTILITY. 


In the three progenies just discussed the chromosome numbers 
vary from 21 to 33, all intermediate numbers also being represented. 
Since variation in viability and fertility was obvious in this material, it 
seemed desirable to test whether correlation could be found between 
chromosome number, vigour and fertility. Starting with chromosome 
number and vigour (Table 3) it is surprising to find that these variables 
do not show any obvious correlation. 

Vigour was estimated with the aid of a scale from 1 to 5, the latter 
figure corresponding to the most vigorous plants. In the vigour 
classes 1—5 the average chromosome numbers were found to be 22,6; 
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TABLE 3. Correlation between chromosome number and vigour in a 
sexual strain of Poa alpina. 




















| Somatic chromosome numbers | 
| Vigour — ) = se n Ms 
| 21 | 22 | 23 24/25 26 27) 28/ 29/30/31 | 32 33 | 

| | | 

Pre rfafe|a “eae & | me 
2s | 1} 3/2/41 )—/1)—)1/- —/1 11 | 25,8 

| aed genau bane }3}2)4/1)2);1)/—|—[3)—/| 3! 19 | 26,2 

| 45 }5|}6}e)1|—j|—j2jaja|a | 23 | 24s 
Diese sectees }1);2};3'—|2{/—|;1/—|—|—'1| 10 = |.. 25,2 





25,8; 26,2; 24,5 and 25,2 respectively. The absence of a correlation might 
be suspected to be due to the fact that the material is heterogenous, 
consisting of three different progenies. However, attempts to find a 
correlation within each progeny were equally unsuccessful. Thus, the 
only conclusion to be drawn is that weak and vigorous plants are 
present in all chromosome classes in about the same frequency. 
. Similar attempts to find a correlation between chromosome num- 
ber and pollen fertility gave about the same result (Table 4). In all 
chromosome classes there is a high proportion of quite male sterile 
individuals with non-dehiscing anthers, and among the pollen pro- 
ducing plants several were found to be partially sterile. The plants 
having the lowest chromosome numbers (21—23) seem to have less 
good pollen than the other plants, but the number of individuals is too 
low to furnish definite proof. 

When studying fertility and vigour in this material it was observed 
that the male sterile plants with non-dehiscing anthers were charact- 
erized by their poor tillering, whereas plants with many panicles 


TABLE 4. Correlation between chromosome number and fertility in 
a sexual strain of Poa alpina. 








Per cent | 


Chromosome Per cent good pollen — Quite 
quite sterile 


numbers sterile 


| 
| 
50 60 70 80 90 100 | 








| 











21—23 i 2. 4 2 13| 74,2 12 | 48 
24—26 2 9 11| 93,2 15 | 58 
27—29 ys 5] 90 1 | 17 
| 30—33 2 2 i... ae 58 
Total | ae a ae ae |34| 847 / 35 | 51 
9 


Hereditas XXVI. 
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generally had better fertility. Thus, a quite clear positive correlation 
was found between degree of tillering and male fertility, plants with 
few panicles often having defective anthers. This is evident from the 
following values: 

Degree of tillering 


1 2 3 4 5 
PRR? es. cots oe 5 4 (a 14 
RCTS 5546554 Ses 25 — 2 2 


More than half the »sterile» plants with non-dehiscing anthers 
belong to the poorest tillering class (1), while the maximum class of 
the fertile» plants (producing pollen) corresponds to the best tillering 
class (5). The significance of the difference in distribution is obvious 
without statistical treatment. 


2. SELECTION FOR HIGH AND LOW CHROMOSOME NUMBERS. 

According to the data given above, the chromosome number in the 
sexual material under discussion is oscillatory and without any clear 
effect on fertility and viability. Under such circumstances it seemed 
desirable to increase and decrease the chromosome number by selection 
as far as possible. The selection for high numbers was also undertaken 
with the possibility in mind that apomictic strains might be produced 
in this way, the apomictic strains occurring in nature being charact- 
erized by a higher average chromosome number than the present 
sexual material. 


A. SELECTION FOR HIGH CHROMOSOME NUMBERS. 


In the sexual progenies represented in Table 2 most of the plants 
have the same or lower chromosome numbers than the mother indi- 
viduals. This is also true of the progeny 32—55. However, in this, 
as in the other progenies, a few plants had higher numbers than the 
mother. These plants, having 2n — 32 or 33, and some other plants 
with at least 31 chromosomes, were isolated. Five of the isolated 
plants produced seed in the isolation bags and gave rise to the progenies 
represented in Table 5. One progeny (1935—9) consists of a single 
plant with 2n = 35, raised from a mother with 2n = 33. Two other 
progenies, 1933—12 and 1935—12, are also rather small but are 
sufficient to show that variation in the offspring goes in the plus as well 
as the minus direction. Most of the material, however, belongs to the 
progenies 1935—10 and —11, in which chromosome counts are avail- 
able from a total of 102 plants. Due to an error in the work of pricking, 
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the progenies 1935—10 and —11 were c 
partially mixed. Fortunately, the mo- 
ther plants had the same chromosome 
number, 31, and thus the chromosomal 
variation in their total offspring is still 
of interest. 

From the table it is evident that 
chromosomal variation in these pro- 
genies, from mother plants with high 
numbers, is just as great as in the 
original sexual material. Thus, so far 
at least, the selection for high numbers 
has by no means resulted in an 
apomictic tendency. It remains to be 
seen how the individuals with 34 to 64 
chromosomes will behave in the next 
generation, but it does not seem very 
likely that their stability will be in- 
creased. y 

Though several plants with high 
chromosome numbers have appeared 
in the progenies under discussion, it is 
obvious that there is a much stronger 
tendency to decrease the chromosome 
number. Thus, in 1935—10-+ 11 20 
plants out of 102 had the same chro- 
mosome number as the mother plants 
(2n = 31), 57 plants had lower num- 
bers and 25 plants had higher. If the 
values of the other progenies are added 
also, and the values are expressed in 
per cent, the result will be the follow- 
ing: Of a total of 114 plants 19 per cent 
had the same number as the mother, 
55 per cent had lower numbers and 26 
per cent higher numbers. At least part 
of the minus tendency is certainly due 
to meiotic irregularities and chromo- 
some elimination. 

Though the proportion of plus 
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TABLE 5. Chromosomal variation in progenies of sexual alpina plants with high chromosome numbers. 
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variates is relatively low their degree of variation is much higher than 
that of the minus variates. In the families 1935—10 and —11 the 
numerous minus variates comprise only 6 chromosome classes (down 
to 25), whereas the plus variates represent 14 different chromosome 
numbers (up to 64). Undoubtedly this very wide plus variation is due 
to the functioning of unreduced or approximately unreduced gametes. 
If such + unreduced gametes unite with reduced ones, which certainly 
vary in chromosome number very much, a rather wide range of chro- 
mosomal variation may be expected. Thus, the ten plants with 37 to 
46 chromosomes probably originated in this way. — In some cases two 
+ unreduced gametes may be expected to unite, and this procedure 
may be responsible for the two plants with 57 and 64 chromosomes. 

In the progenies 1935—10 + 11 the chromosome numbers varied 
from 25 to 64 and at the same time a conspicuous variation in vigour 
was observed. However, also in this material no correlation between 
chromosome number and vigour could be established. The material 
was divided into the chromosome classes 25—27—29 . . ., vigour was 
estimated by means of a scale from 0 to 10. The first value represents 
plants found to be dead in the field, the latter value the most vigorous 
plants. In the present material, however, the highest vigour value 
reached was 7. The average vigour values in the different chromosome 
classes were found to be the following: 


Class Average vigour Number of individuals 
ee ere err 4,0 8 
4 ccna at aes 3,3 16 
thine EE EEE 3,7 33 
EE 3556s ws Kee 4,3 24 
em, SERRE Oe eee 3,9 8 
atin ae EEE Oe 3,0 10 


There are no significant differences in vigour between the different 
chromosome classes. 

At the same time as the material just discussed, progenies of 
two other categories were grown under the same conditions. These 
categories were firstly five progenies of apomictic mother plants (the 
Korpilombolo, Pajala, Mésseberg, Gotland and St. Gothard strains) 
and, secondly, a material of sexual plants selected for low chromosome 
numbers. As will be described below, most of these plants had 22 
chromosomes. 
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It may be of some interest to compare the vigour of these three 
groups of plants. The following values were obtained. 


Vigour 
Category o—2—4 —6—8 — 10 n M+m 
Apomictic strains: ....... 6 32 158° 22 .16 229 5,08 + 0,10 
Sexual, high numbers: ... 24 22 69 7 122 3,96 + 0,16 
» , low » a ee. ww 163 3,30 + 0,13 


On an average the sexual plants are evidently less vigorous than 
the apomictic strains. This is quite natural, since the apomicts are con- 
stant and successful selection products, the sexual strains, on the con- 
trary, being highly variable in vigour. Thus, the occurrence of a con- 
siderable proportion of inferior individuals in the sexual strains is 
responsible for their relatively low average vigour. 

In the sexual material the two groups with high and low chromo- 
some numbers have about the same average vigour. This accords well 
with the results described above, which were obtained within the 
material selected for high chromosome numbers and the observations 
made in the primary sexual progenies (p. 128). It demonstrates once 
more a surprising degree of independence between vigour and chromo- 
some number in this material. 


B. SELECTION FOR LOW CHROMOSOME NUMBERS. 


Already among the 9 plants raised from the original seed sample, 
giving rise to the sexual material, there were two individuals having 
2n = 22 (MUNTZING, 1932, p. 133). Several new plants with 22 chro- 
mosomes appeared in the progenies 32—52 and 32—53 (Table 2) and 
even a plant with 2n — 21 was obtained. The latter was poor in vigour 
as well as fertility, and no seeds from isolation could be obtained. 
Among the plants with 2n = 22, however, isolation was more success- 
ful, and progenies were raised from eight different mother plants. 
Chromosome counts were undertaken in these progenies and the result 
is given in Table 6. Of the mother plants cited in this table Nos. 49, 
50, 52 and 57 are sister plants, all of them belonging to progeny 32—52 
(Table 2). Plants Nos. 75 and 82 are also sister plants and were ob- 
tained from progeny 32—53 (Table 2). Finally, the mother plants 143 
and 144 in Table 6 represent one generation later and are daughters 
of plants Nos. 52 and 57 respectively. 

The main result of the chromosome counts is rather striking. 
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Evidently, the great majority of the plants have 22 chromosomes just 
as their mothers. Considering the total values first, the chromosome 
numbers of 122 plants were determined, and of these not less than 103 
(84 per cent) had 2n = 22, one single plant had 21 chromosomes and 
18 plants were characterized by numbers higher than 22. Two of the 
latter values, viz. 31 and 33, probably resulted from the union of un- 
reduced and reduced gametes. 

The progenies seem to represent different degrees of constancy. 
Taking the extremes, 22,2 + 6,2 per cent of the plants in the offspring 
of plant 49 have chromosome numbers other than 22. The correspond- 
ing value in the progeny of plant 57 is 7,4 + 5,0. Since the difference 


TABLE 6. Chromosomal variation in progenies of sexual alpina plants, 
having 2n = 22. 














\Mother plant| Somatic chromosome numbers ‘i 

| No. | 21 22 23 24 25 26 27 28 29 30 31 32 33 
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52 2 | 31 4 #1 36 

| eee | 6 6 
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is 14,8 + 8,0 and D/m = 1,85, the odds of this difference being significant 
are only 16 to 1. Thus, although minor differences in the degree of 
constancy may perhaps occur, the main result is the remarkable con- 
stancy and the almost complete inability of the mother plants to 
produce offspring with a lower chromosome number than 22. This 
result was, indeed, quite unexpected, since mother plants with 25 and 
24 chromosomes had been found to produce a great proportion of 
daughter plants with lower chromosome numbers than the mothers. 

When looking for an explanation of the cytological constancy, the 
first possibility is of course the suggestion that the mother plants had 
become apomictic. In such a case there should have been a sudden 
and simultaneous change from sexuality to apomixis, affecting all the 
nine mother plants, or at least the seven individuals that were picked 
out directly from the purely sexual material. This does not seem very 
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probable, indeed, and the morphological and cytological results ob- 
tained suggest another explanation. 

As always in Poa alpina, under the present conditions of cultivation, 
morphological observations were sometimes hampered by a rather high 
mortality, many plants having died before the morphological notes 
could be made. Nevertheless, it was obvious that the progenies under 
discussion, having predominantly 2n = 22, were not quite as uniform 
as apomictic progenies cultivated at the same time. In the first place 
this was evident by a greater variation in vigour. In 1937 vigour was 
estimated in a number of progenies of plants with 2n = 22, and at the 
same time comparable material of some apomictic types was available. 
The following values were obtained (Table 7). 


TABLE 7. Vigour in some apomictic alpina strains and in a sexual 
strain with 22 chromosomes. 



































= oe 
| 
Progeny No. Vigour | n M+m a ef 
. 0123 4 5 6| 
| 
1935—1 (apomictic) ...... 2— 3 2 24 14 | 45 | 3,96 -+ 0,17 | 1,36} 29,5 
—2 i: eat 1 13020 8 | 60} 4,55+0,11 |0,67| 18,0 
—3 We) S aieeeeee 2— 41522 7 3/53] 3,6+0,17 |146| 33,1 
—4 . ae 2—— 516 7 4]! 34| 3,04+ 0,23 | 1,82) 34,3 
1935—14 (sexual, 2n = 22)| 4 3 2 413 9 1 | 36 3,394 0,29 | 2,04) 50,7 
—16 » » 5 2 6 2 8 6 1/30] 2,93 + 0,34 | 3,45) 63,5 
18 » » |3 2— 311 8 3130! 3,7740,s2 |3,02| 46,2 | 


A glance at the distribution will at once show that the last three 
series in the table (»2n 22») are more variable than the apomictic 
progenies. This is confirmed by a calculation of variances and 
coefficients of variation. Among the apomictic progenies the variance 
values (6°) range from 0,67 to 1,82 and the v-values from 18,0 to 34,3. 
Among the progenies from mother plants with 2n = 22 the variance 
values range from 2,91 to 3,45 and the v-values from 46,2 to 63,5. Thus, 
it is quite clear that the last-mentioned progenies are more variable, 
in spite of the fact that cytologically they are just as stable as the 
apomictic progenies. Disregarding the low proportion of aberrants in 
both categories, the only possible explanation of the observed differ- 
ence in variability must be the assumption that in the progenies with 
22 chromosomes recombination is still going on in contrast to the 
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apomictic progenies, in which all individuals have the same geno- 
typical constitution. 


3. MEIOTIC OBSERVATIONS. 
A. REGULAR MEIOSIS IN A PLANT WITH 2n = 22. 


The assumption of a genotypical recombination in strains with a 
stable chromosome number of 22 seems strange when considering the 
high degree of chromosomal variation in all related sexual progenies 
and the high degree of meiotic irregularities observed in two of the 
apomictic biotypes. Nevertheless, cytological observations in one of 
the mother plants with 2n = 22 confirmed the assumption. In plant 
No. 57 (ef. Table 6) first metaphase was found to be characterized by 
a regular occurrence of 11 bivalents. Two complete I—M groups from 
this plant are represented in Figs. 12 and 13, and in both these groups 
there is a perfect regularity. Many other I—M groups showed the 
same regularity, and in some of them the chromosome configuration 
was analysed and found to be 11,. No univalents or multivalents were 
seen at this stage, and also interphase, second metaphase and anaphase 
were apparently quite free from disturbances. Only in one single case 
was an eliminated chromosome observed at II—M. 

The observed meiotic regularity evidently explains the constant 
chromosome number in the offspring. According to Table 6, 27 
daughter plants have been raised from plant No. 57 and of these 25 
were found to have 2n = 22. Two granddaughter plants (from plant 
No. 144) also had 22 chromosomes. — Though meiosis was only 
examined in one of the mother plants there is every reason to believe 
that the constant or almost constant chromosome number in the other 
progenies is due to a similar meiotic regularity in the respective mother 
plants. Thus, from a material with oscillating chromosome number 
a stable strain has arisen, in which chromosome variation is very 
slight. It is quite remarkable that this constancy should be reached 
at the chromosome number 22, the basic number of the genus Poa 
undoubtedly being 7 (cf. MUNTZING, 1932, p. 147 and NANNFELDT, 
1937 a). This transition from the basic number 7 to the basic number 11 
will be further considered below (p. 182). 


B. IRREGULAR MEIOSIS IN A PLANT WITH 2n = 26. 


That the regular 22-chromosome plants are exceptional among the 
sexual material studied is also evident from observations made on a 
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sexual plant with 2n=— 26. This plant was one of the nine plants 
raised from the original seed sample (cf. MUNTZING, 1932, p. 133). 
Meiosis in this individual was found to be quite irregular and of a 
similar type to that of the apomictic strains studied. 

Thus, at I—M univalents and trivalents were observed in addition 
to bivalents. Probably also larger associations than trivalents occurred 
but in a low frequency. The following configurations were observed: 
Aig + 11,4, + 1, (2 cells); 1; + 10, + 3, (1 cell); 24, + 9, + 2, (1 cell) 
and 3), + 8, + 1, (1 cell). The two last-mentioned configurations are 
probably correct, but owing to poor fixation they are not entirely 
reliable. The group with 1,,;-+ 10, + 1, on the other hand, was 
quite clear. 

At first anaphase division of univalents was observed and at inter- 
phase micronuclei were frequent. Eliminated chromosomes were also 
of a common occurrence at II—M, and at II—A lagging chromosomes 
were seen. The frequency observed was the following: 


Number of lagging chromosomes: 0 1 2 3 4 
» -» II—A groups: ...... 24 20 18 5 2 


The average number is 1,14, which corresponds well with the num- 
ber of univalents observed at I—M. 

Though the meiotic observations in this plant are fragmentary, 
they are evidently sufficient to show that a plant of this kind will form 
gametes with variable chromosome numbers, and that there is a certain 
degree of chromosome elimination. These observations are in accord- 
ance with the fact that in progenies of sexual alpina plants, with more 
than 22 chromosomes, the chromosome numbers were found to be 
variable and on an average lower than in the mother plant. Unfortun- 
ately, no progeny was raised from the particular plant studied, but 
progenies of some sister plants gave the chromosomal variation re- 
presented in Table 2. Under such circumstances it is clear that meiosis 
in these sister plants was of the same irregular type. 


C. ON THE OCCURRENCE OF UNREDUCED POLLEN GRAINS. 


High chromosome numbers among the sexual material were not 
only obtained by raising progenies from plants with at least 31 chro- 
mosomes. In one case such high numbers were also obtained in the 
progeny of a mother plant with only 24 chromosomes. This plant was 
isolated and gave a total of 22 seeds in the isolation bags. From these 
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seeds only three daughter plants were obtained. These plants were 
rather poor in vigour and to my surprise they were found to have 
the somatic chromosome numbers 45, 46 and 48 respectively. Since 
these plants represented an approximate or exact doubling of the chro- 
mosome number, the pollen of the mother plant was studied. The 
suspicion that the chromosome doubling was brought about by the 
union of unreduced gametes was confirmed by pollen measurements. 
At the same time it was found, however, that two classes of pollen grains 
were not always produced by the plant in question. 

Pollen samples were measured three times, the samples being 
collected on June 10th, 13th and 16th (1933). The distributions found 
were the following: 


Pollen diameter 


Units: 15 — 18 — 21 — 24 — 27 — 30 — 33 — 36 — 39—42—45—48—31 n 

eae: tT BPhehm 8&© &€@ ss tt 165 
» 13th: 18 25 71 41 12 13° «3 183 
>» 0th: 1 2 16 3 11 34 48 1 3 2 2 165 





Total: 20 36 106 124 37 68 75 24 12 5 5 1 513 


In the first and especially the third sample the distribution is bi- 
modal, one maximum being situated between 24 and 27, the other be- 
tween 33 and 36. The sample taken on June 13th, on the contrary, 
does not show more than one maximum. Evidently this maximum 
corresponds to the lower maximum in the other two series. If all values 
obtained from the plant are added, the total series will be bimodal. It 
is highly probable that the lower maximum corresponds to reduced 
pollen grains, the higher maximum to unreduced grains, and thus the 
pollen measurements partly confirm the conclusion previously reached 
that the plant in question is capable of forming unreduced gametes on 
the male as well as on the female side. It is interesting that this capacity, 
judging from the measurements, is not always at work. Under certain 
environmental conditions only reduced pollen grains are formed. 


III. NEW POA ALPINA MATERIAL FROM SWITZERLAND. 


According to the results described above the Scandinavian strains 
of Poa alpina were found to be quite or almost quite apomictic, in con- 
trast to the material obtained from Switzerland. This is especially true 
of the material from Fiirstenalp, which, as far as can be judged, is 
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purely sexual. The strain from St. Gothard, however, was predomin- 
antly apomictic but less stable than the Scandinavian apomicts. 

Since it seemed desirable to obtain more information about the 
possible existence of an average difference between the Scandinavian 
and Swiss Poa alpina types as regards the mode of reproduction, more 
material from Switzerland was procured. For this material I am greatly 
indebted to Doctors N. SYLVEN and G. NILSSON-LEISSNER. During a 
journey in Switzerland in 1934 these gentlemen collected seed samples 
of Poa alpina as well as pratensis, care being taken to collect the seeds 
from single individuals. Thus, though the risk that the seeds in a 
sample were gathered from more than one individual is not quite ex- 
cluded, most of the progenies raised are certainly derived from single 
mother plants. The seeds were germinated in August 1934, and besides 
new material of Poa pratensis this germination resulted in 8 new Poa 
alpina progenies. In addition to these progenies two viviparous clones 
of Poa alpina were raised from bulbils also brought to Svaléf by 
Doctors SYLVEN and NILSSON-LEISSNER. 

In the material thus obtained chromosome counts and morpho- 
logical observations were undertaken in the following years. The main 
result of these studies is that predominantly the new Swiss material is 
apomictic, but in some strains varying degrees of sexuality occur. This 
conclusion is based on the following detailed evidence. 


1. CONSTANT OR APPROXIMATELY CONSTANT PROGENIES WITH 
2n = 37. 


The chromosome number 37, previously met with in the strain 
from St. Gothard (cf. above p. 116), recurred again in several of the 


TABLE 8. Chromosome counts in Swiss Poa alpina strains, having 
2n == 37 as a typical chromosome number. 





a con = : 











Field | Origin Chromosome numbers | 

eer | | 23 .. 38:34 36 36 37°88 ... 6... 57 | 
| e..... | Arosa | 123 1 

OR » Sk | 

—38......... » 1? 1-—-@D-— — 1 | 

—39......... | Hasliberg aa | 
|  —@B.......0. Rigi 1i—--—--—-—- = 6 1 | 
| - —o0......:.. | Oberalp | tk 94 foe 
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new Swiss strains. Chromosome counts in this group of the material 
gave the results represented in Table 8. 

In the progenies 34—36 and 34—39 the chromosome number is 
probably quite constant. _The three apparent aberrants, in which the 
counts had given the values 36 and 38, were morphologically quite 
typical, and therefore the deviations in chromosome number are prob- 
ably due to slight errors in counting. The progenies in question were 
not only uniform in chromosome number but also in morphology. Thus, 
the conclusion must be drawn that in these biotypes apomictic seed 
formation is as regular as in the Scandinavian alpina apomicts. 

Two other biotypes were found to show about the same constancy, 
viz. 34—-37 and 34—48, but in these strains there were a few clear 
aberrants. In 34—37 the plants with 36 and 38 are no sure aberrants, 
but there was one plant having 2n= 57. This plant is evidently the 
result of the union of one unreduced and one reduced gamete and is 
analogous to similar aberrants observed in some of the Scandinavian 
apomicts. This plant was somewhat weak, but otherwise it did not 
differ conspicuously from the other plants in the progeny. 

In progeny 34—48 one plant was found to have 2n = 25 but had 
not been observed to differ morphologically from the other plants of the 
progeny. In this case an experimental error does not seem to be 
altogether excluded. At any rate this biotype is characterized by a high 
degree of apomictic seed formation, 37 being the typical chromosome 
number. 

In the remaining two progenies of the 37-group, however, a certain 
proportion of true aberrants were present. In progeny 34—38, 20 plants 
had the typical number 37, the chromosome numbers in 3 other plants 
being 33, 34 and 35 respectively. These plants, especially the one with 
33 chromosomes, were observed to be clearly deviating morphologically 
‘already before the chromosome numbers were known. 

In this family is seemed desirable to study the offspring of the 
apparent aberrants, and therefore progeny was raised from open- 
pollinated mother plants. In the four families studied the chromosome 
numbers were found to vary as follows: 





Field N ee al Chromosome numbers in the offspring 
PE Paes Ske es Sf 
plant 
1938—27 37 , ee 
—28 35 ae: 
gd 4 34 Se ae 
31 33 ee ee | 
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These values conclusively demonstrate that the strain under con- 
sideration, 34—38, is partially sexual and that the three plants found 
lo have 33—35 chromosomes were true aberrants. 

A quite similar situation was met with in strain No. 34—50 
(Table 8). Of the apparent aberrants the one with 2n = 34 had died 
at an early stage and the one with 2n = 35 was observed to be slightly 
deviating in appearance before the chromosome number was known. 
As regards the other aberrants with 36 and 38 chromosomes, it is 
uncertain whether they represent true deviations from the typical chro- 
mosome number 37. 

Since all the strains hitherto discussed have 37 as their typical 
chromosome number, they should perhaps be expected to be morpho- 
logically identical or similar. With one exception, however, all the 
strains were found to be dissimilar. The three strains from Arosa were 
clearly different but, curiously enough, one of the Arosa strains, 34—36, 
was found to be indistinguishable from the Rigi strain, 34—58. The 
type from Oberalp, 34—50, was also found to be very similar to the 
two strains just mentioned, but it differed rather clearly in some minor 
respects, the leaves being darker green and the spikelets more brownish 
red. It seems certain, however, that this strain must be genotypically 
quite closely related to the other two. 


‘2. A MORPHOLOGICALLY HETEROGENOUS PROGENY WITH 2n= 33 
AS THE TYPICAL CHROMOSOME NUMBER. 

A fourth strain from Arosa, 34—44, differed from the preceding 
three strains (with 2n = 37) by having 2n = 33 as the typical chromo- 
some number. Chromosome variation in the initial progeny was found 
to be the following: 





Chromosome number: ...... 32 33 Ses... AD 
Number of individuals: .... 1 | | ea eee | 


There is only one clear aberrant, viz. the plant having 2n = 49. As 
probably all the other plants have 33 chromosomes, the morphological 
appearance of this strain might be expected to be quite uniform. 
Strangely enough, this was by no means the case, the family on the 
contrary being characterized by a marked morphological variation. 
With some difficulty, however, most of the plants could be divided 
into two morphological groups. This suggested the possibility that the 
material might be composed of a mixture of two different apomicts, 
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having the same chromosome number. In order to study this rather 
peculiar and interesting material more closely, progenies after isolation 
were raised from 6 morphologically dissimilar plants. The morpho- 
logical properties of these progenies have not yet been studied, but 
chromosome counts are available. The deviating plant with 2n = 49 
gave 3 daughter plants having the chromosome numbers 49, 72 and 74 
respectively. Evidently the last two plants resulted from the union of 
unreduced and reduced gametes. The other five plants in the original 
progeny, having 2n = 33 or possibly 2n = 34, gave rise to daughter 
plants showing the following chromosome numbers: 


Chromosome num- Chromosome numbers in the progeny 


Field number 5... of the mother 31 32 33 34... 49 
1938—32 34 (33?) - aes 
—33 33 i a ee 
—34 33 10 
—35 + 33 to 4 
—36 33 1 — 8 1 


Evidently, most of the plants have 2n = 33, and it is as yet un- 
certain whether the numbers slightly higher or lower than 33 represent 
aberrations or slightly erroneous counts. The production in progeny 
1938—33 of a plant with 2n = 49 is interesting, since such an indi- 
vidual, with 50 per cent higher chromosome number than usual, was 
also observed in the previous generations. The latter plant gave rise 
to individuals with 2n = 72 and 74 and, thus, through the functioning 
of unreduced gametes in two consecutive generations,, individuals having 
the number 33 may rapidly give rise to products with more than seventy 
chromosomes. 


3. A PROGENY COMPRISING MANY DIFFERENT CHROMOSOME 
NUMBERS. 


The highest degree of chromosomal variation was met with in the 
progeny 34—46, in which the chromosome counts gave the following 
result: 


Chromosome number: 26 27 28 29 30 31 32 33 34 35 36 37...52 
Number of individuals: 10 2 — — 1—'1 2 2— — 1... 3 


Eight different numbers were met with, of which 26 was the most 
frequent. Corresponding to the chromosomal variation the progeny 
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was also heterogenous morphologically. With some difficulty five 
different morphological types could be distinguished. Fifteen plants 
belonged to the first morphological type, and of these 15 plants 12 had 
been cytologically examined. These plants were all found to have either 
26 or +27 chromosomes. The second morphological type comprised 
5 plants, which were afterwards found to have 32, 33, 33, 34 and 34 
chromosomes respectively. The third type comprised one plant having 
2n = 37 and the fourth type one plant having 2n= 30. Finally, the 
fifth morphological type comprised the three plants having 2n = 52. 
This type was especially conspicuous by broad, thick leaves and few and 
coarse panicles. — Thus, in this progeny there is evidently a rather good 
correlation between different chromosome numbers and different mor- 
phological types. 

In order to get a deeper understanding of the cytological and 
morphological variation in this material, nine plants of the original 
family were isolated and progenies raised. The results of some chromo- 
some counts from this material are available and also morphological 
data from two of the progenies, which were raised earlier than the 
others. These two progenies were both derived from mother plants 
with 2n = 26. In the offspring the following numbers were observed: 


Chromosome number: 24 25 260602 
Progeny 1: 6 
» 2: 1 — 3 1 


Twenty-six is evidently the typical number, and it is uncertain 
whether the two deviating numbers observed represent true aberrants. 
Morphologically, progeny 2 seemed to be quite uniform, in contrast 
to progeny 1. This progeny consisted of 12 plants, of which 9 were 
typical in appearance, the remaining three representing a special deviat- 
ing morphological type. The chromosome number 26 was observed 
in both the types, viz. in 4 typical and 2 deviating plants. 

Four other progenies were raised from mother plants with chromo- 
some numbers ranging from 30 to 37. In the offspring the following 
chromosome numbers were observed: 


a Chromosome number Chromosome numbers in the offspring 
oe of the mother a i a a a a eee | 
3 30 a 


4 33 . -% 
5 34 9 1 
6 37 1 
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In progenies 3, 4 and 5, 33 seems to be the typical chromosome 
number, and therefore it is somewhat doubtful whether the mother 
plants really differed in chromosome number. It should be remembered, 
however, that the mother plant of progeny 3 differed morphologically 
from the mother plants of progenies 4 and 5, the latter two being of the 
same morphological type. Progeny 6, finally, shows that the chromo- 
some number of the mother plant was correctly determined and that 
this plant must have been predominantly apomictic although partially 
sexual. There are two clear aberrants among a total of 10 plants. 

The last three progenies of the family under discussion (34—46) 
were raised from the three plants having 2n = 52. Most of the daugh- 
ter plants had the same or approximately the same number as the 
mother plants, but in addition to these a haploid plant appeared. The 
chromosome counts in the different progenies gave the following result: 


Progeny 7: 54, 52, 52 and + 27 
» 8: 51, +51, + 52 
» 9: 51, +51, 52, + 52, + 52, +53 


The appearance of the individual with 2n = + 27 is quite inter- 
esting, since it suggests a direct relationship between the number 26 and 
52, observed in the original progeny. Probably the change between 
26—52 may go in both directions, and sometimes the union of un- 
reduced and reduced gametes in individuals with 2n = 26 may also 
give rise to products with intermediate numbers. This seems to be the 
best explanation of the chromosomal variation observed in the progeny 
34—46. 


4, TWO VIVIPAROUS CLONES. 


As already mentioned above, the new material from Switzerland 
also included two viviparous clones, in which no seed production at all 
could be observed. Both these clones were collected in Arosa, but were 
found to be clearly different in morphology and were also found to 
differ in chromosome number. In one of them the chromosome num- 
bers. of 10 plants were examined, the result being 2n = 33 in 9 plants 
and + 34 in one individual. The other clone was characterized by the 
chromosome number 26, this number being counted in 7 plants. 

These viviparous clones might perhaps be expected to show quite 
new chromosome numbers, but rather interestingly that was not the 
case. The number 33 was met with in several Scandinavian and also 
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in some Swiss agamospermic alpina strains, and the number 26 was 
found to be the most frequent number in the family 34—46, discussed 
above. It is interesting to note that this strain, as well as a strain with 
2n = 33 (34—44), were also collected in Arosa, the place from which 
the viviparous biotypes were obtained. This certainly suggests a 
relationship between the agamospermic and viviparous biotypes having 
the same aneuploid chromosome number. 


5. CONCLUSIONS. 


The new material from Switzerland was originally expected to be 
purely sexual, like the old Swiss material from Fiirstenalp. Evidently, 
however, the degree of apomixis in the new strains is on an average 
rather pronounced, and not a single strain was found to be quite sexual. 
In one strain, however, the percentage of aberrants seems to be quite 
high. In other strains there is a low but quite clear proportion of 
aberrants, and in still other strains apomixis seems to be absolute. The 
most frequent deviations in chromosome number were due to the 
functioning of unreduced gametes, generally resulting in the union of 
one unreduced and one reduced gamete or sometimes also in the union 
of two unreduced gametes. In some cases aberrants were also formed, 
presumably by the union of two reduced gametes. The functioning of 
unreduced gametes will tend to increase the chromosome number, but 
the opposite process, the formation of haploids from types with high 
chromosome numbers, was also observed. Judging from chromosome 
numbers, viviparous and agamospermic strains from the same locality 
may be rather closely related. 


IV. CROSSES BETWEEN SEXUAL AND APOMICTIC 
STRAINS. 


Since in our Poa alpina material the occurrence of strains with 
apomictic seed formation as well as strains which apparently are quite 
sexual had been established, it was natural to carry out hybridization 
experiments between representatives of the two categories. By pro- 
ducing hybrids between sexual and apomictic alpina plants and by 
studies of their offspring some information about the genetic basis of 
apomixis in this material might be gathered. Crosses of this kind were 
performed in 1933 and since then F;-, F.- and to some extent also 
F;-generations have been studied with the following results. 


Hereditas XXVI. 10 
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1. THE PARENTAL PLANTS. 


Two sexual mother plants are involved in the crosses, 32—53—44 
and 32—53—16. Both plants have 2n = 24 and were members of the 





Figs. 22—25. Parental plants and two F:; hybrids from the cross sexual X apomictic 

Poa alpina. — Fig. 22, a sexual mother plant (2n — 24); Fig. 23, the apomictic 

pollen parent (2n — 38); Fig. 24, an Fi plant with 2n — 27; Fig. 25, an F: plant 

with 2n — 41 (resulting from the union of an unreduced ovule and a reduced 
male gamete). 


progeny 32—53, the chromosomal variation of which is given in Table 2. 
The first plant, 32—53—44, had dehiscing anthers and rather good 
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pollen, the percentage of good pollen in three samples taken being 87, 
78 and 84. The first value is from a sample taken in 1933, the latter 
two values being obtained in 1935. The other sexual plant, 32—53—16, 
is fertile on the female side, but in 1933, when the crosses were made, 
it was found to be male sterile, having non-dehiscing anthers. A later 
observation, in 1935, showed, however, that this male sterility is not 
absolute, two pollen samples obtained in this year showing 78 and 84 
per cent good pollen. 

Morphologically (cf. Fig. 22), the two sexual mother plants do not 
present any specially striking characteristics except the fact that in both 
of them, as in all other members of the strain from Fiirstenalp, the 
spikelets are purely green, being quite free from anthocyanin. 

The father plants used all belonged to the Korpilombolo apomict 
from North Sweden (Fig. 23). This strain has 2n = 38 and is charact- 
erized by a very good pollen fertility (p. 120, strain 1), although the 
chromosome number is aneuploid, and meiosis was found to be irregular 
(p. 125). In this strain the spikelets were not green but coloured by 
anthocyanin. The father plants were taken from this strain on account 
of its good pollen and relatively high chromosome number. In order 
to decide whether the crosses undertaken had been successful, it seemed 
desirable that the difference in chromosome number between the parent 
plants should be relatively great. 

When making the crosses, in 1933, the parent plants were simply 
put together in pairs in isolation cages, placed in a greenhouse. No 
attempts were made to emasculate the flowers of the mother plants. In 
the case of the male sterile mother this was superfluous, but also from 
the other mother plant most of the seeds obtained gave rise to true F; 
hybrids. 


2. THE F,-FAMILIES. 
A. CHROMOSOMAL VARIATION. 


After the cross-pollinations about 500 seeds were obtained from 
the mother plant 32—53—44 and 73 seeds from the other female parent. 
These seeds were germinated in the same summer, about a month after 
the harvest, and gave rise to 289 and 34 seedlings respectively. During 
the following winter many plants died, but in the summer of 1934 a 
total of 214 plants were still available for observation. Root tips of the 
young plants had been fixed and this enabled determinations of chro- 
mosome number in a total of 202 plants. 

All the daughter plants of the male sterile mother had anthocyanin- 
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coloured panicles like their father and, thus, they were true F, hybrids. 
This was also evident from their chromosome numbers. — In the off- 
spring of the other sexual mother plant the great majority of the 
individuals were F, hybrids, showing the anthocyanin colour and 
having more or less high chromosome numbers. Only 3 plants were 
observed to be the result of self-pollination, these plants having green 
panicles and relatively low chromosome numbers (24, 25 and 27). 

As it seemed desirable to study the chromosomal variation in F, 
as closely as possible, the chromosome numbers of as many as 202 F, 
plants were determined. The result was the following: 


Chromosome numbers in F, 





F,-progeny No. 25 26 27 28 29 30 31 32 33 34 35 ... 40 41 42 43 n 
1 : 9 6 426.6 2 —=— 1.5. 1 28 

2 eee eS Fe, oe eee ee ee ec 
Total oe ee ee fe FS 2 ae ee eee oe oe oe ee 


Progeny 1 in the above table was derived from the plant 32—53— 
16, progeny 2 from 32—53—44. In the latter progeny the chromosome 
numbers of the non-hybrid plants have been excluded. Thus, in the 
table only chromosome numbers of true F, hybrids are included. 

The chromosomal variation in F, is evidently bimodal, one maxi- 
mum being situated at 30, approximately, the other one at 41. The 
cause of this bimodality is obvious. The lower maximum corresponds 
to the union of reduced male and female gametes, the higher maximum 
to the union of reduced male and unreduced female gametes. Theoretic- 
ally, the former maximum should be situated at 31, this value being the 
sum of 12 and 19. The second maximum should have the value 43 
(24 +19). The slight decrease in the values observed is most probably 
due to a certain extent of chromosome elimination at meiosis. Such 
elimination was observed in the male biotype and may also be expected 
to occur in the female plant. 

The wide variation in chromosome number demonstrates that 
meiosis must be irregular at least in one of the parents. The follow- 
ing facts demonstrate that not only the male but also the female 
parents are responsible for this variation. Firstly, the mother plants 
belong to a material characterized by its oscillating chromosome num- 
ber. Secondly, the 3 plants obtained by self-fertilization of one of the 
mother plants were found to represent three different chromosome num- 
bers (24, 25 and 27, as mentioned above). On another occasion the 
same individual was isolated and gave rise to three daughter plants with 
2n = 24, 25 and 25 respectively. 
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B. VIGOUR. 


The 214 F, plants available for observation in 1934 represented all 
degrees of viability, ranging from dying to very vigorous plants (cf. 
Figs. 24—25). On an average vigour was found to be higher in F, than 
in the sexual parent strain. In 1934 this strain was represented in the 
field by 88 individuals, which could be compared with 164 F, plants. 
The remaining F; plants were grown in a greenhouse. Using the usual 
scale from 0 to 10, vigour in this material was estimated with the 
following result: 


Vigour 
0o— 2— 4— 6 — 8 — 10 n M 
Sexual mother strain: 35 21 5 21 6 88 = 3,68 
eee eee 16 51 39 31 27 164 5,02 


Owing to the skewness and bimodality of the first series the 
standard errors were not calculated. Nevertheless, it is rather clear that 
the average of F, is better than that of the mother strain. The number 
of plants available of the paternal biotype was not sufficient to allow 
exact measurements. From later observations, however, it is rather 
clear that the average vigour of F, is somewhat lower than that of the 
male parent, but some F, plants are even more vigorous than the male 
parent plants. 

Since the F, plants represent many different degrees of vigour as 
well as chromosome number, an attempt was made to find a correlation 
between chromosome number and vigour. But again the result was 
quite negative. The different vigour classes had about the same average 
chromosome number. Though it does not seem necessary to publish 
the whole correlation table, the absence of a correlation may be 
demonstrated by the following average values: 


Vigour classes :0— 2— 4— 6 — 8 — 10 
Average chromosome number: 31,1 30, 30,6 30,7 30,7 
Number of individuals: ...... 16 51 39 31 27 


The chromosome numbers of the F, plants involved in this 
correlation ranged from 25 to 35. The individuals having 2n = 40—43 
were all placed in pots in the greenhouse, and thus they were not 
comparable to the field plants, Their viability was good, however, as 
may be seen from Fig. 25. 
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C. FERTILITY. 


As the F, hybrids were obtained from crosses between Poa alpina 
strains of widely different origin it seemed desirable to test whether the 
F, plants showed any signs to hybrid sterility. Studies on pollen fertility 
demonstrates, however, that the F, plants are comparable in this respect 
to the sexual mother strain. The following values were obtained: 


Per cent good pollen 


40 — 50 — 60 — 70 — 860 — 90 — 100 n M 
Apomictic parent 1 7 6-30 28s 91,8 
Sexual » 1 1 20 9 21 87,9 
F, hybrids .... 3 2 7 17 39 35 103 83,6 


The F, hybrids have the lowest average value, but the difference 
between the values of F,; and the sexual parent strain is certainly not 
significant. In addition to the plants giving pollen samples male sterile 
individuals with non-dehiscing anthers were observed in F, as well as 
in the sexual parent strain, but their exact number is not known. 

Though, in analogy to previous results in the sexual parent strain 
(cf. above, p. 129), fertility might also be expected to be independent 
of chromosome number, it seemed desirable to test the existence of such 
a correlation in the present F, material. This test gave the following 
values: 


Per cent good Chromosome number 
pollen 26 — 28 — 30 —32 —34— 36 — 38 —40—42 on M 
Lower than 80: .. 1 . 2 4 27 ~—s 330~8 
80— 90: ........ 2 14 16 7 39 = 30,4 
90—100: ........ 2 6 12 7 1—- — 2 30) 31,6 


The three pollen fertility classes evidently contain plants, having 
about the same average chromosome number, and thus no correlation 
can be established. Though negative, this result is rather interesting. 

Seed setting in F, was not studied in detail, but it seems to be rather 
good. 50 F, plants were isolated in various ways, and in 45 of these 
plants various degrees of seed setting were obtained, ranging from 1 to 
more than 100 seeds per panicle. 


D. MEIOSIS. 


Studies of meiosis in F, are limited to some observations in an F;, 
plant having 2n = 41, and thus belonging to the group of F, individuals 
arisen from the union of unreduced ovules and reduced male gametes. 
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The plant studied is the mother plant of the progeny 34—19 (Table 9). 
Meiosis in this plant was found to be somewhat irregular but without 
profound disturbances. At I—A division of a few univalents was often 
observed (Fig. 11). At interphase one or two micronuclei were fre- 
quently seen, and there were often some eliminated chromosomes out- 
side the II—M groups. The I—M groups were characterized by a 
frequent occurrence of multivalents. In Fig. 9 a number of such multi- 
valents are represented together with some bivalents and a univalent. 
The bivalents and the univalent are from the same I—M group as the 
large multivalent, which is probably composed of seven chromosomes. 
The other multivalents probably represent one quinquevalent, two 
quadrivalents and one trivalent. Fig. 10, finally, represents a I—A with 
the distribution 20—21. 


3. F,-PROGENIES. 


Since the cross was made in order to study the inheritance of 
apomixis, the first question to be answered is whether sexuality or 
apomixis is dominant. If the F, plants are apomictic, like the pollen 
parent, they should breed true, in the opposite case they should segreg- 
ate. In the present material the question may be rather easily answered 
owing to the variable and aneuploid chromosome numbers. If a plant 
breeds true, the chromosome number in the offspring will remain con- 
stant, in the opposite case segregation will practically always be ac- 
companied by a variation in chromosome number. 

Progenies were raised after isolation from 17 different F, plants, 
care being taken to select, in the first place, F; plants with odd chromo- 
some numbers. Thus, most of the F, plants involved had 27, 29, 31 or 
33 chromosomes. Progenies were also taken from some F, plants with 
2n=—41. The results of chromosome counts in these progenies are 
given in Table 9. 

A glance at the table is sufficient to show that without exception 
the F, progenies had variable chromosome numbers. Since _ this 
variation is very marked, there is reason to believe that the mother plants 
are purely sexual. These mother plants were taken at random (apart 
from the fact that most of them had odd chromosome numbers) and 
therefore they may be regarded as representative of the entire F; 
generation. Thus, it may be concluded that in this material apomictic 
seed formation is recessive to sexual propagation. 

Considering the type of chromosomal variation, the functioning 
of unreduced gametes has evidently occurred in some progenies. Thus, 
































TABLE 9. Sexual X apomictic Poa alpina. Chromosomal variation in F3. 
: 5 | | Chromosome| 
Field Somatic chromosome numbers | n | M | number of Diffe- 
number | | rence 
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 | the mother 
34—13 “Sekt a Se ere i. s 3e a8. | 27 [cee 
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in the first progeny, 34—13, there are two exceptional plants having 
41 and 43 chromosomes. Since the chromosome number of the mother 
plant is 27, these aberrant plants are evidently the result of unreduced +- 
reduced gametes. The same story is repeated again in progenies 34—29 
and 34-—30 with respect to the aberrant plants having 2n = 44 and 40 
respectively, the chromosome numbers of the mothers in this case being 
30 and 28. 

This functioning of unreduced gametes has already been described 
above for several other Poa alpina plants. Of more interest than this 
phenomenon is the fact that the mother plants with the highest chro- 
some numbers (2n= 41) are capable of forming a considerable pro- 
portion of haploids. Thus, in the progeny of this kind most extensively 
studied, .34—17, not less than 8 plants were found to be haploids in 
relation to the mother plant, their chromosome numbers ranging from 
19 to 23. The percentage of spontaneous haploids in this progeny is 
as high as 14,8 per cent. Since a haploid also appeared in the analogous 
progeny 34—19, it is probable that this spontaneous formation of ha- 
ploids is characteristic of all these F, plants, which resulted from the 
union of reduced and unreduced gametes. A similar production of 
a plant with approximately half the chromosome number of the mother 
plant was also observed in one of the progenies of the new Swiss 
material. In this case a mother plant with 2n = 52, which probably 
was the result of doubling of the typical chromosome number 26, 
produced a haploid having 2n = + 27 (ef. p. 144). 

The great majority of the F, plants had chromosome numbers 
varying around the values of the corresponding F; plants. In the sexual 
parent strain there was a rather clear tendency for the progenies to have 
slightly lower average numbers than the mother plants (cf. pp. 128 and 
131) and this tendency was ascribed to chromosome elimination at 
meiosis. In the present material, however, this tendency seems to be 
less marked, and a calculation of the average values of the progenies 
shows, in fact, that it is quite absent. As is evident from Table 9, 
8 progenies have lower average chromosome numbers than the corres- 
ponding F, plants, 8 progenies have higher values and in one case the ° 
difference is + 0. Thus, the chromosome variation produced in F, by 
crossing types with 24 and 38 chromosomes, is retained in F, in a rather 
unchanged condition. If progenies had been raised from all F; plants, 
the result would most probably have been the same. This absence of 
any chromosomal selection, combined with the negative results of all 
previous attempts to find a correlation between chromosome number, 
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vigour and fertility in Poa alpina, makes it unnecessary to look for 
correlations of this kind in the present F, material. Only the most 
extreme contrasts in chromosome number may be compared, viz. the 
haploids in progeny 34—17 and the corresponding normal plants. No 
accurate data on fertility are available but notes on the vigour of the 
plants have been made. These notes show that the haploids had the 
same average vigour as the other plants. The vigour distribution was 
the following: 


Vigour 
0— 2— 4+-—- 6 -- 8— 10 n M 
The whole material: 11 25 46 a 97 4,38 
The haploids: .... 1 2 4 1 8 = 4,25 


Since these haploids did not differ significantly in vigour from the 
sister plants having twice as many chromosomes, there is certainly no 
correlation between chromosome number and vigour in the other 
progenies either, in which chromosome variation is less extreme. Never- 
theless, all these progenies are characterized by a most pronounced 
variation in vigour as well as morphology, and in these respects they 
are markedly different from the apomictic strains. Undoubtedly, this 
increased variability is correlated with the oscillatory chromosome num- 
ber, in spite of the fact that no average correlation could be found 
between chromosome number and vigour. Evidently, some con- 
stellations of chromosome and genes are more successful than others 
but these successful combinations may sometimes represent high and 
sometimes low chromosome numbers in the same manner as the un- 
successful combinations. 


4, F,-PROGENIES. 


The study of the F, plants demonstrated that the F, mother plants 
were all sexual. Using the same chromosome counting method, it is 
necessary to raise a large F; generation in order to test to what extent 
the F, individuals are sexual or apomictic. In the simplest case, if the 
apomictic mode of seed formation were due to a single recessive gene, 
it should not be difficult to find F, plants giving constant progenies. 
Obviously the method used is very laborious, when it is necessary to 
study a large number of F; progenies, and as yet the work is far from 
having been accomplished. However, at the time of writing chromosome 
numbers of 154 F; individuals are available, these individuals belong- 
ing to 31 different families. Among these families not a single one has 
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proved to be constant. In 9 families the number of individuals is as yet 
too low to allow quite safe conclusions, but in the other 22 families 
there is a quite clear chromosomal variation, demonstrating that the 
mother plants are sexual or partially sexual. This is probably true also 
of the mother plants of the 9 families first mentioned. Under such 
circumstances the simplest way of inheritance of apomixis seems to be 
quite excluded, viz. the possibility of apomixis being conditioned by a 
single recessive gene. So far F; seems to behave in exactly the same 
way as F,, indicating that all the mother plants in F, were just as sexual 
as the F, plants. 

More definite conclusions may perhaps be drawn later on when 
more progenies have been studied, and when the chromosome counts 
have been supplemented with morphological and embryological data. 


V. SOME NEW RESULTS IN POA PRATENSIS. 


1. A SEXUAL HAPLOID. 
‘ A. INTRODUCTION. 


In my previous paper on Poa (MUNTZING, 1932) the occurrence of 
« Poa pratensis type with 2n = 36 was reported (1. c. p. 145). The tuft 
containing roots with that number was not pure, however, many roots 
' showing the double number 2n = 72. The most plausible explanation 
seemed to be that the tuft consisted of two individuals growing together. 
This was found to be true by dividing part of the tuft into separate 
tillers. Some of these tillers were found to have broad leaves, others 
had narrow leaves. Ten tillers of each kind were planted in pots and 
the chromosome numbers were determined. Without exception the 
chromosome numbers in the broad-leafed tillers were found to be 72 
or +72, all the narrow-leafed ones having 2n = 36. These plants 
were then transplanted into the field for further observations. 


B. FERTILITY. 


Fertility in the haploid was found to be less good than in the 
corresponding type with 72 chromosomes. In the pollen the following 
values were obtained: 

Per cent apparently good pollen 
55 - 60 - 65-70 - 75 - 80-85-90 -95-100 n M 
Type with 2n=72.... 1 4 2 7 93,2 
» >» Qn=%.... 242 — 1 9 64,2 
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Though the number of pollen samples studied is small, it is obvious 
that the percentage of good pollen is much lower in the haploid than in 
the corresponding type with the double chromosome number. 

The difference in fertility was found to be still more pronounced 
on the female side. As a rough measure of seed setting the number of 
seeds per panicle after open pollination was counted. In the 36-chro- 
mosome type a total of 389 seeds were harvested from 59 panicles, 
which corresponds to an average of 6,6 seeds per panicle. In the 
corresponding 72-chromosome type an average of 432,1 seeds per 
panicle was obtained, 7345 seeds being harvested from 17 panicles. 
The values in the two kinds of material are of entirely different orders, 
the average seed production in the 72-chromosome type being 65 times 
as high as in the type with 36 chromosomes. 

For comparison seed production was counted in the same way in 
9 other pratensis biotypes, having the ordinary high chromosome num- 
bers and several of them being definitely known to be apomictic. The 
average value in this material was 458,14 seeds per panicle. This value 
was obtained from counts of 23 panicles, the numbers of seeds per 
panicle varying between 201 and 692. Evidently, then, the 72-chro- 
mosome type is to be regarded as normal and the 36-chromosome type 
as exceptional. 





C. MEIOSIS. 


Some meiotic observations were made in the haploid. Since meiosis 
in other pratensis biotypes studied was found to be irregular (MUNTZING, 
1932, pp. 143—145; RANCKEN, 1934), and since the basic chromosome 
number in Poa is 7, meiosis in the rather sterile type with 36 chromo- 
somes might, indeed, be expected to be quite irregular. To our great 
surprise, however, meiosis in the haploid was found to be almost per- 
fectly regular, the typical chromosome configuration at I—M being 
18,. This configuration could be distinguished in 8 cells, no other 
type of association being observed. In Figs. 26—27 two typical I—M 
groups with 18,, are represented. Most of the bivalents seem to be ring- 
shaped, having at least 2 chiasmata. In rare cases multivalents may | 
occur. A trivalent and a quadrivalent from different cells are re- 
presented in Fig. 31. 

The rather high degree of regularity is also evident from the 
following counts of the number of univalents present at I—M. 


Number of univalents at I—M: 0 1 2 3 n 
» PMBENB cs s heeds ee 114 20 13 3 150 
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Thus of 150 cells observed 114 (76 per cent) were perfectly regular, 
1 to 3 univalents being present in the other cells. Fig. 28 shows a I—M 
group with 2 univalents, Fig. 29 a rather exceptional cell with 8 uni- 
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Figs. 26—33. Meiosis in a sexual Poa pratensis biotype with 36 chromosomes. — 

Fig. 26, I—M side view (separately drawn), 18,;; Fig. 27, polar view, 18,;; Figs. 28— 

29, I—M groups showing different degrees of non-conjunction; Fig. 30, I—A, dis- 

tribution 18—18; Fig. 31, one quadrivalent and one trivalent; Fig. 32, I—A, division 
of two univalents; Fig. 33, I—A, dicentric chromatid and fragment. 


valents. (This cell was observed after the counts in the 150 cells were 
finished. ) 

At I—A the distribution 18—18 (Fig. 30) was counted in 8 cases. 
At the same stage the number of dividing univalents was counted in 
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100 cells. The result was 0 univalents in 95 cells, 1 univalent in 3 cells 
and 2 univalents in 2 cells. At interphase 97 p. m. c. were observed to be 
regular, and micronuclei were only seen in 3 cells. Fig. 32 shows a 
I—A with 2 dividing univalents and Fig. 33 a I—A with chromatin 
bridge and fragment. Thus in spite of the pronounced meiotic 
regularity, the individual in question must be heterozygous for an 
inversion or duplication. 


D. PROGENIES AFTER OPEN POLLINATION AND ISOLATION. 


Progenies of the biotype in question were raised after open pollina- 
tion as well as isolation. Seed setting in the isolation bags was 
extremely poor, but nevertheless it was possible to raise some progeny. 
Chromosome counts were undertaken in a total of 54 daughter plants. 
Among these 25 individuals were raised from seeds of open-pollinated 
panicles, and 29 plants were the result of isolation. The former plants 
were extremely variable in morphology as well as chromosome number, 
thus demonstrating that the mother plant is sexual. Among the 25 
plants the following 13 chromosome numbers were represented (the 
number of individuals in brackets): 32 (1), 39 (2), 42 (1), 43 (1), 
44 (5), 45 (3), 48 (1), 52 (5), 53 (2), 54 (1), 55 (1), 56 (1) and 58 (1). 
At the time of flowering the haploid was surrounded by a collection 
of pratensis biotypes with chromosome numbers ranging from 49—82 
(and possibly other more extreme numbers, since the chromosome 
number was not known in all biotypes). Evidently, these biotypes 
have been successful as male parents, not a single daughter plant having 
the same chromosome number (36) as the mother. 

As already mentioned, the morphological appearance of the daugh- 
ter plants was highly variable and they were all different from each 
other. It does not seem necessary to give any morphological de- 
scriptions. 

In this material pollen fertility was also studied. Some plants 
were probably male sterile, no pollen being obtained. In the others 
the amount of good pollen was found to vary between 40 and 100, 
the average value being 77,0 per cent. 

As regards chromosomal variation, the progenies obtained after 
isolation were found to be much regular. Of the 29 plants studied, 
21 were found to have 2n= 36 like the mother plant. Of the 8 
deviating numbers, 5 were close to 36 (one 34, three 35 and one 37), 
the others were much more aberrant (29, 49 and 52 respectively). The 
latter two values, 49 and 52, may be the result of unreduced ovules 
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fertilized by reduced male gametes. The main feature in this material, 
however, is not the aberrants but rather the high degree of constancy 
in chromosome number and the very marked contrast in this respect 
between the progenies after open pollination and isolation. Regarding 
the former, the haploid’s own pollen was evidently unable to compete 
with the pollen of surrounding pratensis biotypes. On isolation, on the 
contrary, no other pollen was available, and a few seeds resulted from 
self-fertilization. Since meiosis was found to be predominantly regular, 
most gametes should have 18 chromosomes and this was, indeed, 
verified by the fact that most of the offspring had the same chromo- 
some number as the mother. 

For most of the material after isolation no morphological data are 
yet available. A few plants raised earlier than the rest, however, were 
found to be variable in appearance. This demonstrates once more that 
the constancy in chromosome number is not due to apomixis but to 
meiotic regularity. An exactly analogous case was described above 
(pp. 134—135), a sexual Poa alpina strain with 2n = 22 being almost 
quite constant in chromosome number, due to a regular meiosis. 


“E, HYBRIDS WITH POA ALPINA. 
The sexuality of the haploid pratensis type under consideration was 
also demonstrated by crosses with Poa alpina. In 1935 the haploid 
was pollinated with alpina pollen, two different alpina plants being 
used as the male parents. In the first cross 2 panicles pollinated 
gave only one seed, in the second cross 3 panicles were pollinated, 
and of these the first panicle gave no seed, the second 1 seed and the 
third 39 seeds. The seed obtained in the first cross gave rise to a pure 
pratensis plant having 2n = 35. This plant was evidently the result 
of self-fertilization. The other 40 seeds resulted in 15 plants, which 
proved to be true pratensis X alpina hybrids. This was evident from 
their morphoiogical characters as well as their chromosome numbers. 
Since pratensis X< alpina hybrids have already been described by other 
workers (AKERBERG, 1936 b; NANNFELDT, 1937 b), it seems unnecessary 
to give a description of my own hybrids. Their chromosome numbers, 
however, are interesting and were found to have the following values: 
Chromosome numbers 
31 32 33 = (34 35 as 
Number of F, plants: .... 1 6 6 — 1 — 


The father plant used for the crosses had 2n = 31, and considering 
the probable occurrence of meiotic chromosome elimination most of 
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its gametes should have + 15 chromosomes. Since most of the gametes 
of the mother plant have 18 chromosomes, the observed chromosome 
numbers of the F; plants (chiefly 2n = 32 and 33) are in accordance 
with expectation. The individual having 2n = 52 must result from 
the union of an unreduced ovule and a reduced male gamete. It 
demonstrates once more that functional, unreduced gametes are some- 
times formed in the haploid. 


F. PROGENIES OF THE SISTER TYPE WITH 72 CHROMOSOMES. 


In the preceding section the type with 36-chromosomes was called 
a haploid and is supposed to be closely related to the type with the 
double chromosome number. The haploid is clearly sexual and almost 
sterile. Judging from the abundant seed production, the corresponding 
72-chromosome type may be supposed to be apomictic like most other 
pratensis biotypes. In order to test that further, progenies after isolation 
as well as after open pollination were raised. Judging from morpho- 
logical inspection alone, the biotype in question is predominantly 
apomictic but partially sexual, a certain proportion of deviating aber- 
rants being formed. Pending the results of chromosome counts and 
further morphological observations, the exact degree of apomixis in 
this strain cannot yet be stated. At any rate the 72-chromosome type, 
however, must have a much stronger apomictic tendency than the 36- 
chromosome type, which seems to be purely sexual. 


2. TWIN INVESTIGATIONS. 


A. TRIPLOID AND HAPLOID TWINS. 


In earlier publications (MUNTZING, 1937, 1938 b) the production of 
plants with deviating chromosome numbers from twin seedlings was 
reported. The species studied also included Poa pratensis. As in the 
other species investigated, the most frequent deviation observed in Poa 
pratensis is represented by plants having their chromosome number 
increased by approximately 50 per cent. A total of twenty such »>tri- 
ploids» have been gathered. Morphologically it is rather difficult to 
distinguish »diploid» and »triploid» pratensis twins from each other, 
and even if the two twins are dissimilar in appearance, it is sometimes 
difficult to decide which of the two plants has the higher chromosome 
number. This difficulty is partly due to the fact that the twin with 
the higher chromosome number is more slow-growing and requires 
several years to reach full development (cf. below p. 162). 
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Another category of deviating twin plants may be easily distingu- 
ished also in Poa pratensis, viz. the haploids. So far only two diploid- 
haploid twin pairs have been observed in Poa pratensis, but in these 
pairs the haploids were definitely recognized as such by their smaller 
size and more slender mode of growth. The chromosome numbers in 
the first twin pair were found to be + 72 and + 36, and in the second 
pair + 75 and + 39 respectively. So far the properties of these haploid 
twins have not been studied, but their mere occurrence is of interest, 
especially with regard to the sexual haploid described above. Since, 
evidently, haploid twins may be formed, it is highly probable that the 
sexual pratensis type with 36 chromosomes arose as a twin from the 
original strain with 72 chromosomes. This haploid is rather vigorous, 
and it does not seem improbable that the original tuft, showing the 
mixture of tillers with 36 and 72 chromosomes, arose from one seed 
producing two viable seedlings with 2n = 36 and 72. Gradually the 
tillers of these individuals became intermingled to such an extent that 
they could only be separated by division of the original tuft into small 
pieces. 


B. THE PROPERTIES OF TRIPLOID TWINS. 


a. Plant weight. — In order to study more closely the effect of a 
50 per cent increase of the chromosome number in Poa pratensis, clones 
‘ were made of each component in a number of twin pairs. Seven such 
twin pairs were studied, each individual being represented by 5 clone 
plants. In this material plant weight and a series of morphological 
characters were measured. A chemical analysis was also made, thanks 
to the kind cooperation of Dr. J. LINDBERG. 

The chromosome numbers of the twins and the results of the plant 
weighings are given in Table 10. Due to the high number of chromo- 
somes, the chromosome counts may not be quite accurate. In each 
twin pair, however, it is quite clear that one member of the twins has 
about 50 per cent more chromosomes than the other. -The pair 
3003—7 a and —7 c represents two members of a triplet, in which two 
plants, a and b, had the normal number while the c-plant had an in- 
creased number. 

The plants have been cut and weighed in 3 different years and the 
value for each separate year is the average of the 5 clone plants. 
Considering first the total production in these 3 years, it is evident that 
on an average the twins with high chromosome numbers have been 
less productive than the twins with the lower, normal numbers. This 
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is true of six of the seven pairs. In one pair, however, the reverse is 
true, the average weight of 3645—2 a (2n = + 49) being less than half 
of the weight of the other twin having 2n = + 72. If the total average 
values of all twins with high and low chromosome numbers are 
calculated the result will be 309 gr. for those with high numbers and 
333 gr. for those with normal numbers. The difference is relatively 
slight, chiefly due to the unusually high weight of the twin 3645—2 b. 
Thus, judging from the above results, Poa pratensis twins with an in- 


TABLE 10. Plant weight in twin clones of Poa pratensis. 

















Chromosome | Average weight in | 
Clone No. | pamper: je : aes : ae | Total 

| Ge 1987 | = 1988 | S939 

3003—3 a... | 48 g2 | (242 121 | 415 gr 

Rt 72 80 162 110 | 352 
3003—4 a... | 48 66 | 171 1060 | 343 
Ws. 72 66 172 100 | 338 
3003—7 a... | 49 74 148 93 | 315 
e.. 4 71 50 118 67 | ws 
3009—1 a... | 68 82 144 - 110 | 336 
Poy ee, a ee 82 93 | 200 
3839—6 a... | 49 88 170 100 | 358 
“re ae 46 | 124 | ee 
3839—10 a... | 52 76 | 180 5 | 371 
b.... | = | @* 162 a 
| 3645—2 a... 49 33 85 78 196 
| i 208 157 | 429 


creased chromosome number will in most cases, but not always, be 
less productive than the normal twins. 

This conclusion, however, is only based on weight values from 
3 years. If the observations had been extended over a longer period 
the values would probably have been more favourable for the twins 
with high numbers. As already mentioned above, and as is typical of 
other polyploids (cf. MUNTZING, 1936), the twins with high chromo- 
some numbers need more time to reach their full development. This 
is, indeed, evident from a comparison between the weight values of the 
different years. Taking first a separate typical twin pair, the weight rel- 
ation between the plants 3009—1 a (2n = 68) and 3009—1 b (2n = 100) 
was found to be 82 : 253,28 in the first year, 144:82—1,7 in 
the second year and 110 : 93 = 1,18 in the third year. If this tendency 
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continues, the twin with the high chromosome number may in the long 
run be more productive than the other twin. 

Comparing the entire material in the same way, the average weight 
relation (low : high) was found to be 71,6 : 58,7 = 1,22 in the first year, 
158,6 : 146,9 = 1,083 in the second and 102,9 : 103,3 = 1,00 in the third 
year. Thus, after 3 years the average yield was about the same in the 
two chromosomal categories. 

b. Morphological data. — The clone material studied seemed to 
be suitable also for morphological comparisons between the twins. 
Therefore the following characters were measured: height, thickness of 


TABLE 12. Chemical data from twin clones of Poa pratensis. 





| | Soluble 





Crude Crude | Crude 

Field number “er protein'| fat! | — “| fibre? | Ashes? 
|(per cont) (per cent)|(per cen t)| rates \(per cent) 
| (per cent) | 


| 
| | | | | 
leni3n an|3n an/3n)2n/3n/2n/3n/2n{/3n 











| 3003—3 a and b ...... 6,7 6,7 |6,7 |5,5 30 |22 | 38,1) 38,1] 30,1) 32,2) 7,1 | 7,0 
































| 3008—4 a and b ...... 67 | 6,7 |5,7 | 7.1 | 2,2 |3,2 | 38,4 37,0] 32,0 28,s| 6,6 | 8,0 
| 3003—7 a and c ...... 6,6 | 6,6 | 7,3 | 62 |2,8 | 2,9 | 37,6 38,7/ 29,4 28,4) 7,9 | 8,9 
| 3009—1 a and b ...... | 6,5 | 6,7 7,3 ss | 2,6 | 2,0 | 37,3 37,0] 28,2| 30,2) 9,6 | 7,4 
| 3839—6 a and b ....... | 6,8 | 6,9 | 6,8 | 6,0 | 2,6 | 2,2 | 39,3) 38,4) 27,6] 29,9/ 8,8 | 8,6 
| 3839—10 a and b...... 6,7 | 6,6 9,5 |5,7 |2,6 | 2,3 | 35,7| 41,7| 27,6| 24,5) 9,7 10,9. 
| 3645—2 a and b .......| 6,4 | 6,6 | 6,7 | 7,3 | 2,4 | 2.8 | 39,5) 37,2| 28,5| 28,3) 7,9 | 9,4 

















Average values: | 6,63 | 6,69 | 7,00 | 6,60 | 2,60 | 2,51 | 38,0! 38,4| 29,1| 28,9| 8,23 | 8,60 


the culm, length and breadth of the leaves, thickness of 10 leaves put 
together, panicle length, length of spikelets and, finally, 1000-grain 
weight. The results of the measurements are summarized in Table 11. 
With the exception of seed weight, which was only measured once, the 
values in the table are mean values of measurements undertaken in 
1937 and 1938. 

Some of the characters measured are clearly correlated with chro- 
mosome number, others seem to be more or less independent. The 
best diagnostic characters were found to be thickness and breadth of 
the leaves. In all seven twin pairs the members with high numbers 
were found to have thicker and broader leaves than the corresponding 
twins with low numbers. Also with respect to some of the other 


+ Water content at the analysis — 15 per cent. 
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characters there are clear differences between the two categories. Thus, 
high chromosome number is also correlated with thick culm and heavy 
seeds in six cases of seven. On the other hand, there is a clear negative 
correlation between chromosome number and length of the spikelets. 
With respect to the other characters the correlations are less clear. 
However, the high-number twins seem to be less tall and to have 
shorter leaves but longer panicles than the sister twins with low chro- 
mosome numbers. 

c. Chemical data. — Thanks to Dr. J. LINDBERG, the same twin 
material was analysed chemically, the following properties being 
studied: water content, percentage of crude protein, crude fat, soluble 
carbohydrates, crude fibre and ashes. The results of this analysis are 
given in Table 12. The percentage values of the chemical constituents 
are calculated for a water content of 15 per cent. 

The table reveals that there are no significant differences between 
high and low chromosome number twins in any of the properties 
analysed. In some pairs the number with the higher chromosome 
number represents the higher percentage values, in other cases the 
reverse is true. Thus, in this material, in contrast to several other 
polyploids (cf. MUNTZING, 1936), the increase in chromosome number 
does not seem to be accompanied by any obvious chemical alterations. 

d. Pollen fertility. — Pollen fertility was studied in the seven 
pairs of clones, the following results being obtained: 


Average pollen 











Plant number “Sumber €rtlley Per cent or seraples 

3003—3 a 48 80 2 
—3b 72 96 2 

_— 48 82 3 
—4b 72 86 1 

eee eS 71 97 2 
3009—1 a 68 92 2 
_" 100 93 1 
3839—6 a| 49 88 ¢ 
= b| 76 96 2 
—10 al 52 65 - 
—10b| 72 97 2 
3645—2 a 49 61 2 
9 


—2b 72 94 
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Though the number of pollen samples taken is low, the result is 
quite clear, the twins with high chromosome numbers all having better 
pollen fertility than the corresponding twins with low numbers. In 
ene case the difference is incidental rather than significant. The pair 
3009—1 a and b has the chromosome numbers 68 and 100, the corres- 
ponding percentage values being 92 and 93 respectively. In this pair, 
however, even the component with lower number has about as high a 
chromosome number as the high number twins in the other pairs. In 
this twin pair both members may consequently be regarded as having 
surpassed the threshold value of chromosome number necessary for a 
good pollen quality. 

e. Chromosomal variation in twin progenies. — Some progenies 
of the twin material studied were raised, primarily, in order to test 
whether the twins with high chromosome numbers would breed true, 
or whether they would split up their chromosome numbers. The latter 
alternative was found to be true. The material in question has not yet 
been studied morphologically, but the results of chromosome counts in 
some progenies are available. 

In the progeny of twin plant 3003—3a, having 2n = + 48, the 
chromosome numbers of 29 plants were determined, and all of these 
were found to have numbers ranging from 48 to 51. According to the 
counts, 6 plants had 2n=— 48, 4 plants 2n—49, 16 plants 2n — 50 
and 3 plants 2n = 51. Considering the difficulties of exact counts, this 
progeny is probably constant in chromosome number. In such a case 
the correct chromosome number of the biotype must be 2n = 50. 

The sister twin, 3003—3 b, having 2n = + 72, gave rise to a pro- 
geny in which the chromosomal variation was as follows: 


Chromosome numbers: .. 48 49 76 77 80 81 82 83 84 85 
Number of plants: ...... . 4:4 3.3 = Se. 4-4 


Even if the difficulties of exact counts are admitted, it is obvious 
that chromosomal variation in this progeny is greater than in the 
offspring of the sister twin with 2n = +48. The number most fre- 
quently represented is as high as 82, and on an average the progeny 
has a higher chromosome number than the mother plant. The reason 
of this unexpected increase is not known. 

Progenies of two other twin pairs were studied in the same way. 
In the first of these pairs the chromosome numbers had been deter- 
mined to be + 49 and +71 respectively. In the offspring of the first 
plant (3003—7 a), 23 plants were found to have numbers ranging 
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from 47-to 52. Probably, most or all of these plants had in reality 
the same chromosome number. As in the corresponding member of 
the previous twin pair and its progeny, 2n = 50 seems to be the typical 
number also in this case. In 12 of the 23 plants the counts resulted 
in this number. In addition to the 23 plants having + 50 chromosomes, 
there was one single plant with 2n = + 75 and a twin pair, the mem- 
bers of which were found to have 2n = + 76 and + 75 respectively. 
Thus, a few unreduced ovules had evidently been fertilized. 

In the other twin progeny (from the mother plant 3003—7 c, 
having 2n = + 71) the chromosomal variation again seems to be greater, 
the following numbers being found: 


Chromosome numbers: 70 71 72 73 74 75 76 77 78... 90... 110 111 
Number of plants: 3- 1-—- 5111 6 5-—-1-—- 1 2 


The plants with 110 and 111 chromosomes are evidently due to the 
functioning of unreduced ovules. Two of them represent one of the 
members in each of two twin pairs. 

In the third pair of twin progenies variation was again observed 
in the offspring of the twin with the higher number, the other progeny 
being almost constant. The mother plants in this case were 3839—10 a 
(2n = + 52) and 3829—10 b (2n = + 72). The former individual gave 
a progeny in which 44 plants were found to have chromosome num- 
bers ranging from 47 to 52. As in the previous cases, 50 was the most 
frequent number, the counts giving this value in 19 of the plants. In 
addition to the plants having 2n = + 50, there was a twin plant with 
2n => + 74. 

In the other progeny (from 3839—10b) chromosome variation 
was very marked, the values ranging from 33 to 103. The following 
numbers were obtained: 


Chromosome numbers: 33... 37 38...64 65 66 67 68 69 70 71 72...75 76... 103 
Number of plants: 1— 11—1—114—1—9-— 23-— 1 


In this family the three plants having 33, 37 and 38 chromosomes 
may be regarded as haploids, having approximately half the chromo- 
some number of the mother plant. Two of these haploids were 
apparently single plants, the third haploid arose as a twin. In the pro- 
geny there is also a >triploid» with 2n = 103, and certainly resulting 
from the union of an unreduced ovule and a reduced male gamete. 

In view of all the data presented above, the following conclusions 
may be drawn: In contrast to the twin plants representing the normal 
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chromosome number, the »triploid» twins give rise to progenies in 
which the chromosomal variation is more or less increased. This de- 
monstrates that the mother plants must be partially or purely sexual. 
Thus, we have reason to believe that in Poa pratensis a change from 
the normal chromosome number to the triploid condition involves a 
change. from a predominant apomictic seed formation to a more or less 
pronounced degree of sexuality. More information about this change 
in the mode of reproduction may be gathered by future studies on the 
morphology of this material. 


VI. CHROMOSOME NUMBER AND CELL SIZE. 


As in many other genera and species, comprising types with differ- 
ent chromosome numbers, there is a positive correlation between chro- 
mosome number and cell size also in Poa. NISSEN (1937) has already 
reported the occurrence of a positive correlation between chromosome 
number and size of the stomata in Poa pratensis. His measurements 
are of special interest in this connection, since they were performed 
on my twin clones of pratensis, discussed above in the present paper. 
As a supplement to his measurements the following data from pratensis 
as well as alpina may be briefly described. 


1. POLLEN SIZE IN POA PRATENSIS. 


In 9 different biotypes of Poa pratensis, representing 8 chromo- 
some numbers, ranging from 49 to + 87, pollen size was measured. 
The results given in Table 13 demonstrate a clear positive correlation. 
The average pollen size of the biotype with 2n = 49 is approximately 
27,7 units, the corresponding average of the biotypes with 64 and 68 
chromosomes is 30,7, the total average of the group of biotypes with 
70 to 75 chromosomes is 32,0 and the biotypes with 85 and 87 chro- 
mosomes, finally, reach an average diameter of 35,3 units. 

Pollen measurements were also made in the haploid, sexual Poa 
pratensis type described above (p. 155) and in the corresponding type 
with 2n = 72. Two pollen samples of each type were studied, and in 
each sample 200 grains were measured. In the haploid having 2n = 36, 
the average values found were 16,50 + 0,08 in the first and 16,46 + 0,08 
in the second sample. ._In the corresponding type with 2n = 72, the 
average values of two samples studied were found to be 17,03 + 0,08 
and 17,73 + 0,0: respectively. Thus, the two higher values are re- 
presented by the type with the higher chromosome number. However, 
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TABLE 13. Pollen diameter in Poa pratensis. 











| 
Number of | 





Year | Field No. | grains sale lel lemapeneremess 
| poner ee value number 
Nicene 62 27,71 49 
aaa skschh covianeis » 180 27,82 » 
ice ery crac err cemcenrnmne st erro » 150 27,54 » 
Ee ech aca enneecnnreere es 149 » 28,91 + 64 
Die a ehortir eee os ten eases 124 » 32,48 + 68 
[} PEW ence cneinasocsiaraseees 124 L 180 31,94 + 70 
Pele cael Sete acts jana 127 » 31,73 72 
| eee ee | » 150 32,59 » 
eb receereane st vrccws sanesttes ihe 229 » 31,99 +75 
5 earn | » » 32,24 » 
TE ihe bixcaxnenienushe comnienss 126 » 31,39 » 
RRS si a a ee eee | 150 » 34,83 + 85 
a MescedinsUrauierens | » 35,73 + 87 


the difference in pollen size between the two types compared is sur- 
prisingly small. 


2. SIZE OF POLLEN AND STOMATA IN POA ALPINA. 

Pollen size was determined in 23 different plants of Poa alpina, 
the chromosome numbers of these plants ranging from 22 to 43. The 
plants were chosen only with regard to their chromosome number, and 
thus they belong to sexual as well as apomictic strains or were hybrids 
of different kinds. From each plant 50 good pollen grains were 
measured. The following mean values were obtained (the correspond- 
ing chromosome number in brackets): 26,2 (22), 26,4 (22), 24,4 (23), 
25,1 (24), 25,5 (24), 25,9-(25), 26,1 (25), 28,2 (26), 25,3 (27), 26,2 (28), 
28,6 (29), 26,9 (31), 27,9 (31), 27,0 (32), 26,7 (33), 27,2 (33), 26,4 (36), 
34,0 (37), 28,8 (38), 29,3 (39), 31,9 (41), 30,5 (43). 

The positive correlation between pollen size and chromosome num- 
ber is not strong but, nevertheless, clear. If the values are combined 
in classes comprising several chromosome numbers, the following 
values will be obtained: 


Chromosome classes: 22 — 26 — 30 — 34 — 38 — 42 — 46 
Average pollen diameter: 25,6 27,1 27,1 30,2 30,0 30,5 


According to the above values, the diameter of the pollen grains is 
about 20 per cent greater in the 42—46 class than in the 22—26 class. 
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This means that the relation between the volumes of the two classes 
compared will be 2837 :1677—1,7:1. The relation between the 
average chromosome numbers of the same classes is 1,8: 1. 

In Poa alpina length of the stomata was also measured in 26 plants, 
representing 23 different chromosome numbers, ranging from 22 to 74. 
Part of these plants were also used for the pollen measurements. From 
each plant 50 stomata were measured. The following average values 
were obtained (the corresponding chromosome numbers in brackets): 
12,28 (22), 14,00 (23), 14,44 (24), 11,92 (24), 14,36 (24), 12,78 (25), 
17,74 (26), 14,0 (27), 15,28 (28), 14,98 (29), 15,7 (30), 15,72 (31), 
15,26 (32), 17,30 (33), 17,06 ne 13,91 (35), 15,44 (36), 15,46 (37), 
15,18 (38), 16,52 (39), 16,12 (40), 19,00 (41), 19,08 (42), 17,16 (43), 
20,0 (52), 19,30 (74). 

If these values are arranged in a series according to increasing 
chromosome numbers, using the same class width as for the pollen, 
the result will be as follows: 

Chromosome classes : 22— 26—30— 34 — 38— 42 —46—S50—54 ... 74 
Average stomata length: 13,s 15,7 16,0 15,5 16,7 181 — 209 — 19,3 

In spite of the incidentally low value in the class 34—38 the positive 
correlation between chromosome number and stomata length is quite 
clear. 


VII. DISCUSSION. 


1. The genotypical basis of apomixis. — The main problem in the 
material studied is the genotypical basis of apomixis and the relation- 
ship between sexual and apomictic strains. The first fact to be con- 
sidered in connection with this problem is the occurrence of gradations 
between sexuality and apomixis. In Poa alpina the Firstenalp strain 
was found to be highly variable in morphology as well as in fertility 
and chromosome number and may therefore be regarded as purely 
sexual. On the other hand, several of the Scandinavian strains have 
so far been completely agamospermic, not a single aberrant plant being 
observed in the progenies. Other strains, however, occupy an inter- 
mediate position, a certain proportion of aberrants being formed. In 
the strain from St. Gothard sexuality is rather pronounced, the minimum 
percentage of aberrants being 25,93 + 8,43. The strain from Mésseberg 
is more stable, the percentage of aberrants being as low as 4,35 + 3,01. 
Further examples of this kind were met with in the new Swiss collec- 
tion of Poa alpina strains discussed above (p. 138—145). Different 
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degrees of apomictic seed formation have also been observed in Poa 
pratensis, judging from differences in the frequency of morphological 
aberrants (AKERBERG, 1939). 

Already the occurrence of such gradations in the degree of sexu- 
ality is a strong indication that apomixis is not conditioned by a single 
factor. It might be assumed, however, that planis and strains being 
heterozygous for a single apomixis factor (Aa) might be partially sexual 
in contrast to the homozygous combinations, aa and AA, which would 
represent pure sexuality and absolute apomixis. Against this inter- 
pretation may be said, firstly, that most probably there is more than 
one gradation between absolute sexuality and absolute apomixis. 
Secondly, the cross between sexual and apomictic Poa alpina gave F;, 
hybrids, which were purely sexual and not intermediate. Finally, the 
absence of apomictic F; families in the same cross may be regarded as 
definite evidence that in the material studied apomictic seed formation 
is conditioned by more than one factor. 

A curious fact to be considered in this connection is that a change 
from the normal chromosome number to »haploidy» or »triploidy» 
seems to involve’'a change from predominant apomixis to a more or 
less pronounced sexuality. The haploid pratensis type with 36 chro- 
mosomes was clearly sexual, in contrast to the original type having the 
double chromosome number. Also the twin plants, having approxim- 
ately a 50 per cent higher chromosome number than usual, behaved in 
a similar way. At least some of these twin plants are decidedly more 
sexual than the corresponding sister twins, representing the normal 
chromosome number of the strain. AKERBERG (1939) has already 
reported similar results, the progenies of aberrant Poa pratensis plants 
in his experiments always being variable in morphology as well as 
chromosome number. 

If apomixis is conditioned by multiple factors, the sexuality of a 
haploid type is rather natural, since such a haploid will only contain 
part of the factors necessary for an apomictic seed formation. The 
sexuality of triploids is more difficult to understand but leads to the 
idea that apomixis in Poa is due to a rather delicate genetic balance. 
This balance may be upset in various ways, by crosses with other 
types or merely by a quantitative change in chromosome number either 
in a plus or minus direction. 

From the experience gathered in our material there is reason to 
believe that apomixis is an advantageous property, gradually evolved 
by natural selection. When grown together in the field the apomictic 
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strains differ favourably and strikingly from sexual progenies by their 
uniformly good vigour and good seed production. Only a small pro- 
portion of the plants in the sexual strains are comparable to the 
apomicts in these respects. Further, if aberrants with deviating chro- 
mosome numbers are produced in predominantly apomictic but 
partially sexual strains, these aberrants have often been observed to 
be less vigorous than the typical plants. 

On the other hand, the sexual strains may be supposed to re- 
present a valuable source of new types, some of which have good 
vigour and other advantageous properties. The preservation of such 
valuable individuals by apomixis may be easily imagined, since in 
Poa pratensis and alpina the tendency to apomictic seed formation is 
evidently widespread. Even in types considered to be typically sexual 
a certain proportion of unreduced embryo-sacs may be formed. Thus, 
in the cross between the sexual plants with 2n = 24 and the apomictic 
strain with 2n =38, 6 F; plants of 202 were found to be the result of 
unreduced ovules fertilized by reduced male gametes (p. 148). — In 
the sexual haploid of Poa pratensis (2n = 36) there is a similar pro- 
portion of functional unreduced ovules, three »triploids» being ob- 
served among a totai of 44 plants. Also in many other sexual or 
partially sexual alpina and pratensis plants there is a marked tendency 
to formation of unreduced gametes, chiefly on the female side but also 
in the pollen. 

If by mutation a vigorous plant belonging to a sexual strain be- 
comes capable of developing its low proportion of unreduced ovules 
without fertilization, it is conceivable that by secondary changes the 
proportion of apomictic offspring may be gradually increased. This is 
probable, especially because the offspring formed in a sexual way will, 
on an average, be less successful than those possessing all the ad- 
vantageous properties of the original mother. — The nature of the 
mutation, responsible for the capability of development without 
fertilization, is of course a matter of speculation. It may or may not 
be a true gene mutation. Perhaps apomixis is brought about by quite 
special constellations of genes and chromosomes. Some of these cause 
the egg cells to develop without fertilization, others increase the num- 
ber of unreduced embryo-sacs, the resultant of these factors being the 
proportion of apomictic offspring. 

The apomicts in Poa alpina and pratensis are peculiar by 
their aneuploid chromosome numbers, but otherwise the apomictic 
phenomena in these species are similar in many respects to the con- 
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ditions in the genus Rubus. As demonstrated by LipForss (1905, 1907 a 
and b, 1914), the Rubus species are generally predominantly pseudo- 
gamous but partially sexual. The hybrids formed, however, seem to be 
purely sexual and give a very strong segregation in the next generation. 
On the basis of these results and experiments of his own, GUSTAFSSON 
(1930) concludes that in Rubus apomixis is recessive to sexuality. In 
Poa apomixis was found to be recessive in hybrids between typically 
sexual and apomictic plants, but sexuality was also induced by other 
genotypical changes, viz. haploidy and triploidy. In Rubus, also, a new 
genotypical constitution, involving a complex change, always seems 
to be accompanied by loss of apomictic propagation. The Rubus 
hybrids produced were all sexual, even if both parents were pre- 
dominantly apomictic. — On the other hand, LipForss (I. c.) observed 
mutations in many Rubus species, leading to new morphological types 
but not to loss of apomictic propagation. This seems to indicate that 
apomixis in Rubus as well as in Poa is conditioned by the cooperation 
of several or many factors. This cooperation may be upset by crossing 
or by quantitative chromosome changes but is not disturbed by minor 
changes such as gene mutations. 

In his publications LipForss briefly mentions the important fact 
that the offspring of hybrids between partially pseudogamous parents 
show a tendency in later generations to become stabilized again. This 
- probably implies that vigoroys segregation products, containing gene 
constellations for different degrees of apomixis, are favoured at the 
expense of the purely sexual products. In Poa alpina such a stabiliz- 
ation has not yet been observed, all the F; progenies in the cross 
sexual X apomictic so far studied showing a marked variation. A 
return back to apomixis may perhaps occur in some families in later 
generations. 

Crosses between plants representing different degrees of sexuality 
and apomixis have also been undertaken in Hieracium by MENDEL 
(1869) and OSTENFELD (cf. OSTENFELD, 1910). As is well-known, 
MENDEL found that his Hieracium material behaved in quite the opposite 
way to the Pisum hybrids. The F, generation was polymorphic, but 
each F, plant, from which offspring could be obtained, was true- 
breeding and gave a uniform progeny of maternal type: In OSTENFELD’s 
material the same result was obtained in most cases, but in a few 
crosses all or part of the F, plants were sexual or partially sexual. 
Thus, in Hieracium (subgenus Pilosella) apomictic seed formation 
generally seems to be dominant over sexuality. Recent results in 
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Potentilla seem to go in the same direction (A. and G. MUNTZING, un- 
published data). By crosses between two biotypes of Potentilla Taber- 
nemontani (T—B X T—A; cf. MUNTZING, 1931) a few hybrids were 
obtained, the chromosome numbers of the mother, father and F, being 
84, 42 and 63 respectively. Judging from morphological data and 
preliminary chromosome counts, the hybrids are true-breeding as in 
Hieracium. 

Thus, in Hieracium and Potentilla crosses between apomictic and 
sexual or partially sexual strains have given other results than in Rubus 
and Poa. In the latter category apomixis is recessive to sexuality, in 
Hieracium and Potentilla apparently dominant. Probably, however, 
this difference is only gradual. In the Hieracium crosses sterile or self- 
sterile hybrids were frequently obtained besides F, plants giving apo- 
mictic progeny (OSTENFELD, |. c.). These sterile plants may in part 
represent sexual F, plants, and in such a case the dominance of: apo- 
mixis is not complete. On the other hand, the F; plants in the cross 
sexual X apomictic Poa alpina had a tendency to produce haploids, 
indicating an apomictic tendency to development without fertilization 
(cf. below p. 181). 

2. Groups of Poa alpina apomicts with a different geographical 
distribution. — Though the apomictic strains of Poa alpina are charact- 
erized by peculiar aneuploid chromosome numbers, it is a striking fact 
that a particular chromosome number is characteristic of groups of 
biotypes occupying a special geographic region. Thus, the most fre- 
quent number among the Swiss apomicts is 37, this number being 
characteristic of 7 strains from 5 different localities. So far this num- 
ber has not been met with in the Scandinavian material, which is 
characterized by the numbers 38 and 33. The former number was 
found in biotypes from the provinces of Jamtland and Norrbotten 
(Sweden) and in a type from Troms (Norway). The number 33 was 
represented by one biotype from Norrbotten and by the biotypes from 
Gotland and Mésseberg (South Sweden). The number 33 was also met 
with in one of the Swiss strains and in a viviparous biotype from arctic 
Norway (FLOviK, 1938). The same author found two viviparous alpina 
biotypes from Spitsbergen to have 2n = 44 and 2n = 42 + 4 ff. Finally, 
the biotype from Oland (Sweden) represents a special number, 2n = 35. 

It is evident that the chromosome numbers of the apomictic strains 
have a special significance, and that they are not merely chance num- 
bers in a material showing the same great and continuous variation as 
the sexual strains with oscillatory chromosome number. It is obvious 
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that the Swiss strains with 2n = 37 are more related to one another 
than to strains having different chromosome numbers. It seems highly 
probable, also, that among the Scandinavian biotypes the members of 
the group with 2n = 38 are more related to each other than to the 
members of the group with 2n = 33. The latter group is especially 
interesting from a plant-geographical point of view, since it comprises 
northern types (from Pajala and arctic Norway) as well as two south 
Swedish biotypes (Mésseberg and Gotland). 

TURESSON (1927) has discussed the relationship between south and 
north Swedish Poa alpina and especially the supposed relic nature of 
the former. He comes to the conclusion that the Scandinavian po- 
pulation of Poa alpina is split into three different ecotypes, one alpine, 
one subalpine and one lowland ecotype. Further, the conclusion is 
drawn that the lowland occurrences of Poa alpina do not represent 
glacial relics, descending from the first immigrants of the species but 
are later types, having immigrated into Sweden when the climate had 
become more favourable. — Now the situation in Poa alpina has be- 
come rather changed, since it has been found that the species in 
Scandinavia is represented by apomictic biotypes characterized by 
quite special chromosome numbers. The biotypes from northern 
Scandinavia, studied by me, seem to correspond morphologically to the 
subalpine ecotype described by TURESSON. My material, however, was 
found to comprise two different chromosome numbers, 38 and 33, the 
latter number also being found in two of the three south Swedish 
biotypes studied. This strongly indicates that there are biotypes in 
the northern part of Scandinavia, which as regards their ultimate 
origin are of the same kind as the strains from Mésseberg and Gotland. 
— Though the evidence now available is too meagre for much 
speculation, I would imagine that the first immigrants of Poa alpina 
into Sweden belonged to the 38-chromosome group, and that these 
were followed by biotypes having 2n=—33. Some of them were 
capable of going far to the north, others settled down in the southern 
parts of this country. 

Morphologically all the alpina strains so far studied by me were 
found to be different, the most deviating type being the strain from 
Gotland (Fig. 15). No clear average difference in morphology between 
the groups with 38 and 33 chromosomes could be observed. Never- 
theless, I should think that the members within each group are of a 
common origin, and that the morphological and ecological differ- 
entiation has occurred after these peculiar chromosome numbers 
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were established. Theoretically it is possible that the Scandinavian 
apomict groups with 2n = 38 and 33 have been differentiated from 
one original immigrant biotype with 38 and another biotype with 33 
chromosomes. At any rate, it is very probable that the Mésseberg and 
Gotland strains have relatives in North Scandinavia. Though im- 
probable, the possibility is not quite excluded, however, that the south 
Swedish alpina types are really of a more recent origin. A single Swiss 
agamospermic strain was, indeed, found to have 33 as its typical chro- 
mosome number, though most of the other Swiss strains had 2n = 37. 

The complexity of the problem is also illustrated by the fact that 
the Oland strain of Poa alpina, studied by me, had a quite special 
chromosome number, 2n = 35, not met with in any other Poa alpina 
type. Judging from TURESSON’s descriptions, there must also exist 
several different alpina biotypes in Oland, his type being much more 
vigorous than mine. — Evidently, much more work is needed before 
a deeper insight into the problems outlined here can be gained. The 
most interesting problem at present seems to be whether the Poa alpina 
types in Scandinavia and other regions are really divided into definite 
groups, characterized by special chromosome numbers and special 
geographical distribution areas. 

3. The formation of new biotypes and the origin of vivipary. — 
With respect to the Scandinavian alpina biotypes it was assumed that 
a differentiation may occur by mutation, which does not involve a 
change in chromosome number. More evidence in favour of this inter- 
pretation was obtained from a study of the agamospermic and vivi- 
parous biotypes from Switzerland. Among the group of strains having 
2n = 37 as their characteristic chromosome number, all biotypes were, 
with one exception, morphologically different. The exception is re- 
presented by a strain from Arosa, which was indistinguishable from a 
strain collected at Rigi. A third strain, from Oberalp, was also very 
similar, but differed in some minor respects. These observations 
certainly indicate that.a morphological differentiation may occur due 
to mutations, not affecting the chromosome number. 

It should be remembered, of course, that in the Swiss material, 
including some strains with 2n = 37, different degrees of partial sexu- 
ality were met with. This might, indeed, be expected to contribute to 
a differentiation of the species in question. In most cases such a differ- 
entiation should lead to the establishment of new chromosome num- 
bers, and we have reason to believe that most of the products formed 
in this way would not stand the test of natural selection. On the 
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other hand mutations, not affecting the chromosomal balance, which 
guarantees a good vigour and a predominant apomictic seed formation, 
would have a much better chance to lead to new biotypes with a good 
survival value. 

Chromosome counts in two viviparous clones from Switzerland 
demonstrated with a high degree of probability that differentiation by 
mutation may not only lead to more or less conspicuous morphological 
differences but also to a transition from agamospermy to vivipary. — 
The chromosome numbers of the viviparous clones were found to be 
2n = 26 and 2n = 33 respectively. These clones were both collected 
at Arosa. From the same locality five agamospermic or partially sexual 
strains were also gathered, three of them having 2n = 37, one strain 
2n = 33 and one strain 2n = 26 as their typical chromosome numbers. 
The numbers 26 and 33 were not met with in any of the remaining bio- 
types from Switzerland. This being the case, it may safely be assumed 
that the viviparous clones with 2n = 26 and 2n= 33 must be rather 
closely related to the seed producing strains, having the same unique 
chromosome numbers and being collected at the same locality. Since 
the chromosome-numbers are unchanged, it also seems probable that 
the viviparous clones have arisen by mutation from the corresponding 
seed-producing biotypes. — In this connection it should also be ob- 
served that the viviparous Poa alpina type from arctic Norway (FLOVIK, 
1938) had the same chromosome number (2n = 33) as several of the 
agamospermic Scandinavian strains. 

4. Is apomizis in Poa caused by hybridization? — In his book on 
apogamy, Ernst (1918) considers the possibility that the viviparous 
forms of Poa alpina might be the result of species hybridization, and 
FLOVIK (1938) believes that they are allopolyploids. As demonstrated 
above, however, the evidence now available strongly suggests that the 
viviparous types are differentiation products, arisen by mutations from 
non-viviparous strains. This mode of origin seems to be somewhat 
continuous. ERNsT (I. c.) describes the occurrence of semiviviparous 
types in Switzerland (Poa alpina f. intermedia). — On account of 
various observations, NANNFELDT (1937 b) also concludes that vivipary is 
not necessarily the result of hybridization. — Thus, though the vivi- 
parous forms of Poa alpina, as contrasted with the agamospermic ones, 
cannot be regarded as species hybrids, this does not exclude the 
possibility that in other genera viviparous types may arise in such a 
way. FLOovik (1938) has presented evidence, based on chromosome 
morphological studies, that two different viviparous Festuca ovina 
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types from Spitsbergen and arctic Norway should have arisen through 
crosses between certain varieties of F. rubra and F. ovina. 

In Crepis and Antennaria, on the contrary, BABCOCK and STEBBINS 
(1938) report results which are considered to indicate strongly that the 
onset of total apomixis in these genera is a gradual process, facultative 
apomixis often preceding the obligate type. The same authors also find 
that in Crepis hybridization is not the cause of apomixis, many auto- 
polyploids being just as completely apomictic as are the allopolyploids. 

Though vivipary in Poa alpina cannot be considered to be the 
immediate result of hybridization, the possibility must not be overlooked 
that the whole species complex, Poa alpina, might be of a hybrid origin. 
In such a case agamospermy, and secondarily vivipary, might ultimately 
be based on the genotypical changes brought about by hybridization. 
In Rubus the groups of apomictic species are considered to be the result 
of species hybridization (GUSTAFSSON, 1930). — The evidence available 
in Poa alpina, however, is not in favour of such an explanation. The 
meiotic observations demonstrate a rather marked degree of auto- 
polyploidy rather than allopolyploidy. In the first place this is evident 
from a relatively high frequency of trivalents and larger associations 
in most of the plants studied. Secondly, the very good pollen fertility 
in the aneuploids and the absence of a correlation between chromo- 
some number, vigour and fertility point in the same direction. In 
these respects the Poa alpina material is similar to pentaploid Dactylis 
plants (MUNTZING, 1938 a). On account of their autopolyploidy such 
plants have quite good pollen, in contrast to their triploid mothers. 
In the offspring there is no correlation between chromosome number 
and pollen fertility and only a weak correlation between chromosome 
number and vigour. 

In Poa pratensis higher chromosome numbers than in Poa alpina 
must be reached in order to secure a quite good pollen fertility. As a 
rule, pratensis plants having about 50 chromosomes seem to be partially 
sterile, but as soon as the chromosome numbers exceed 70, approxim- 
ately, the pollen is perfectly normal. This was especially evident in 
the diplo-triploid pratensis twins and may also be observed when differ- 
ent pratensis strains are compared (MUNTZING, 1932; AKERBERG, 1936 a). 
This indicates that in Poa pratensis there is more differentiation be- 
tween the genomes than in Poa alpina, or in other words that auto- 
polyploidy is more pronounced in Poa alpina than in pratensis. In 
Poa serotina (= palustris), finally, KIELLANDER (1935, 1937) has shown 
that a tetraploid apomictic strain, studied by him, is probably auto- 
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tetraploid, 3—4 quadrivalents generally being present at first meta- 
phase, 

5. The aneuploid chromosome variation. — The variation in chro- 
mosome number within the species Poa alpina and Poa pratensis shows 
a good deal of resemblance to the aneuploid chromosomal variation 
within the genus Carex. In a recent paper, HEILBORN (1939) agrees 
with the view advanced by MEURMAN and myself (cf. MUNTZING, 1936, 
p. 361) that part of the aneuploidy in Cyperacee is probably a result 
of meiotic instability in autopolyploids, part of the aneuploidy in the 
genus thus being the result of a breakdown of original autopolyploid 
forms. In Carex the aneuploid variation in chromosome number is 
correlated with species differentiation. In Poa, on the contrary, there 
is at least in part a true intraspecific variation in chromosome number. 
Certainly it is not possible, for instance, to separate the Scandinavian 
alpina apomicts into three different species, characterized by the chro- 
mosome numbers 33, 35 and 38. — The Swiss strains of Poa alpina 
studied have not been subjected to any detailed morphological com- 
parison with the Scandinavian representatives of the species. However, 
there does not .seem to be any obvious morphological characters 
distinguishing the two groups. At any rate they must be rather closely 
related, the hybrids between a Swiss and a Scandinavian strain having 
quite good fertility. 

As already demonstrated in my previous paper on Poa (MUNTZING, 
1932), the apomictic strains are true aneuploid forms, and it is not 
possible to explain the deviations from multiples of seven merely by 
the assumption of fragmentation and other structural changes. Further 
evidence pointing in the same direction has been obtained from the 
meiotic studies now reported. As is evident from their size, the un- 
paired chromosomes, frequently occurring at meiosis in Poa alpina, 
are obviously true univalents and not fragments. — In spite of the 
absence of correlations between chromosome number, vigour and 
fertility the Poa alpina chromosomes are probably not inert, progenies 
with variable chromosome numbers always showing a marked pro- 
portion of plants with poor vigour and fertility. 

Further evidence that the intraspecific differences in chromosome 
number really represent different chromatin quantities is represented 
by the observed positive correlations between chromosome number and 
cell volume. In Poa alpina as well as in pratensis the size of the 
pollen grains was found to be proportional to the chromosome number, 
and in Poa alpina the same thing was found to be true of stomata size. 
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Though, consequently, there must be a true aneuploid variation 
in chromosome number in the two species, this does not exclude the 
possibility that this aneuploidy may have been further changed by 
structural differences of various kinds. Indeed, in Poa alpina, as well 
as in the haploid pratensis, dicentric chromatids and accompanying 
small fragments were observed. Thus, the plants in question must 
have been heterozygous for inversions or duplications. 

The observed absence of a correlation between chromosome num- 
ber, vigour and fertility in Poa alpina explains the chromosomal poly- 
morphism of the species, occurring in nature. Not only the apomictic 
strains are successful with aneuploid chromosome numbers, but also 
in sexual material of the species the chromosome number may evidently 
remain oscillating for a long time, since no selective forces tend to 
decrease this chromosomal variation. — When comparing the F, and 
F, plants in the cross sexual X apomictic alpina, the chromosomal 
variation was found to be just as intensive in F, as in F;, and there was 
not even an average decrease in chromosome number. Such a decrease, 
however, was observed in progenies of the sexual strain from Fiirsten- 
alp, and theoretically it should be expected in all offspring from mother 
plants having an irregular meiosis. ; 

Though no correlation between chromosome number and _ per- 
centage of apparently good pollen grains could be established, a certain 
degree of selective gametic elimination may nevertheless be suspected 
to occur. This selection will probably favour gametes with numbers 
higher than the average. In this way the inevitable chromosomal 
elimination may be counterbalanced and in some cases even lead to 
progenies in which most of the plants have a higher chromosome num- 
ber than the mother. A marked example of this kind is represented 
by one of the progenies of the »triploid» pratensis twins. 

Even if the chromosome number has a decreasing tendency, as is 
undoubtedly the case in some sexual alpina strains, the chromosomal 
polymorphism will be upheld, due to the occasional functioning of un- 
reduced gametes. The union of unreduced ovules and reduced male 
gametes was, indeed, observed to be quite a common feature in sexual 
or partially sexual alpina progenies. In several cases even tetraploids 
‘were obtained, male as well as female gametes being unreduced. 
Especially if the functioning of unreduced ovules is repeated in con- 
secutive generations, as was observed to be the case in one of the Swiss 
alpina strains, a very considerable change in chromosome number may 
result. 
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From the »triploids» and »tetraploids» arisen by the functioning 
of unreduced gametes large numbers of new forms with varying chro- 
mosome numbers will certainly arise, and no permanent chromosomal 
equilibrium will be attained. 

6. The spontaneous formation of haploids. — Chromosomal 
variation in Poa alpina and pratensis is not only characterized by 
' »>jumps>» in the plus direction, eventually followed by a slow process of 
decrease in chromosome number. The opposite process may also occur, 
viz. the sudden formation of approximate haploids, having about half 
as many chromosomes as their mother plants. In the first place -a 
regular formation of haploids was observed in the offspring of certain 
hybrids between sexual and apomictic alpina. These hybrids had a 
relatively high chromosome number (2n = 41) and were the result of 
a union between unreduced ovules and reduced male gametes. In the 
progeny most closely studied the percentage of haploids formed was as 
high as 14,3 (Table 9). In the material in question this formation of a 
rather high proportion of haploids may be explained, formally, in the 
following way. 

From the sexual parent the F, plant has inherited a tendency to 
produce reduced gametes and from the apomictic parent a tendency 
to development without fertilization. These tendencies combined may 
be responsible for the parthenogenetic development of reduced ovules. 
— It is rather probable that the F, plants with lower, ordinary chro- 
mosome numbers have the same tendency, but in these cases the 
chromosome numbers of the haploids will be too low, the resulting 
individuals not being viable. — This idea is supported by the fact that 
in the sexual alpina strain from Fiirstenalp selection for low chromo- 
some numbers did not result in plants with lower numbers than 21. — 
In Dactylis the effect of unbalanced chromosome numbers has also 
been observed to be much more serious, when the absolute chromo- 
some number is low than when it is high (MUNTZING, 1938 a). 

Spontaneous production of a haploid was also observed in another 
progeny of Poa alpina (p. 144). This progeny belonged to a Swiss 
strain, which was evidently partially sexual. It comprised plants with 
several different chromosome numbers, the most typical ones being 26 
and 52. Also in this case a combination of two tendencies may be 
assumed, one tendency to reduction, another to parthenogenesis. 
Usually, reduction is combined with fertilization and non-reduction 
with parthenogenesis, but evidently these variables may sometimes be 
recombined. In such cases the result may be either triploids or haploids. 
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It should be remembered that haploids were not only produced in 
Poa alpina but also in Poa pratensis. In this species the haploids 
generally seem to arise as twin plants. — Thus, in both the species 
studied chromosomal variation may evidently go in two directions, 
from low to high numbers as well as in the opposite direction. This 
process of doubling and halving in combination with the frequent 
cecurrence of different degrees of apomixis explains the extreme 
variation in chromosome number, which is typical of both species. 

7. Embryology. — A more complete picture of the situation in Poa 
will be obtained when more thorough embryological investigations 
have been performed. One fact, which is clear already now, is that 
the apomictic mechanism in Poa alpina and pratensis is different, at 
least in the strains studied so far. In Poa pratensis there is evidently 
apospory (AKERBERG, 1939), in Poa alpina, on the contrary, diploid 
parthenogenesis (Figs. 18—19). Thus, the Poa alpina apomicts are 
characterized by the same embryological mechanism as Poa .serotina 
(KIELLANDER, 1935). In the latter species haplo-parthenogenesis was 
also observed, and even fertilization may evidently occur (KIELLANDER, 
1. c.). — It is rather interesting that different Poa species have solved 
the aquisition of an agamospermic mechanism in various ways, which 
are certainly controlled by different gene constellations. This is prob- 
ably the result of a gradual process. Two different constellations of 
factors have finally been established, which satisfy the need of an 
apomictic seed formation in two different ways. 

8. Secondary polyploidy. — A rather striking cytological fact, 
observed in the present material, is the establishment of a balanced 
secondary polyploidy in Poa alpina as well as in Poa pratensis. In 
the former species selection for low chromosome numbers in the sexual 
Fiirstenalp strain led to the production of a stable, but still sexual 
strain having 2n = 22. At meiosis 11 bivalents were regularly formed 
and, on an average, 84 per cent of the plants in the progenies had 
2n = 22 like their mother plants. Since the original basic number in 
Poa is certainly 7, the transition to a new basic number of 11 is really 
remarkable. — This case deserves further study, especially as regards 
the possible occurrence of secondary association. So far, however, 
such an association has not been observed. It would also be interesting 
to study this stable strain from a chromosome morphological point of 
view and make comparisons with diploid Poa species having -2n — 14 
(e. g. Poa trivialis). 

Another case of secondary polyploidy was met with in the sexual, 
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(poly-)haploid Poa pratensis having 2n = 36. To my surprise meiosis 
in this type was highly regular, 18 bivalents being the typical I—M 
configuration. The regularity of meiosis was also proved by the pre- 
dominant chromosomal constancy in the offspring after isolation. 
72 per cent of the plants had 2n = 36 like their mother, and of the 
remaining plants 17 per cent had numbers close to 36 (p. 158). After 
open pollination, on the other hand, chromosomal variation in the off- 
spring was very strong, due to crosses with other pratensis biotypes 
having various high chromosome numbers. 

When speaking of the alpina and pratensis types under consider- 
ation as secondary polyploids, it should be kept in mind, however, that 
their chances to survive under natural conditions are somewhat dubious. 
The pratensis strain, especially, is handicapped by its rather pronounced 
degree of sterility, though vigour is quite good. The Poa alpina type 
with 2n = 22 has a much better fertility and also a good vigour. Since 
this strain was produced by selection, however, and not taken directly 
from nature, nothing definite can be said about its survival value in 
competition with other strains. — Nevertheless, the striking changes 
of the apparent basic chromosome number are of interest and strongly 
support the conclusions drawn by previous workers (cf. DARLINGTON, 
1937, pp. 239—243) that genera with high basic numbers, such as 
Pyrus, Gossypium, Salix and Populus, are derived from ancestors 
having lower basic chromosome numbers. 

9. Haplontic and diplontic sterility. — When considering sterility 
in the sexual, polyhaploid pratensis type just discussed, it should be 
observed that this sterility is certainly diplontic (or genic, according to 
DOBZHANSKY’s terminology; DOBZHANSKY, 1937). Meiosis is regular, 
and the pollen quality rather good, but seed production very low. — 
Diplontic sterility may also occur in Poa alpina. In the Fiirstenalp 
strain with oscillating chromosome number part of the plants were 
found to be male sterile, the anthers not dehiscing. This male sterility 
was positively correlated with the degree of tillering, vigorous plants 
with many shoots generally having dehiscing anthers. Thus, sterility 
of this kind is controlled by the somatic condition of the mother plant. 
However, haplontic sterility is certainly also at work in Poa. This is 
indicated by the fact that in Poa pratensis plants with high chromo- 
some numbers have a better pollen fertility than plants with low num- 
bers. In the former all the pollen grains obtain a sufficient amount 
of factors necessary for their viability, in the latter part of the pollen 
grains are killed due to their own unbalanced constitution. 
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10. Conclusion. — The rather complicated cyto-genetical phen- 
omena met with in Poa alpina and pratensis are evidently not limited 
to these species alone but are also characteristic of a rather large group 
of other Poa species. The occurrence of diploparthenogenesis in Poa 
palustris (= serotina) has already been referred to above. The same 
species was also found to comprise strains with different chromosome 
numbers (triploid and tetraploid) and strains showing different degrees 
of apomictic seed formation (KIELLANDER, 1935, 1937). The definite 
or probable occurrence of apomictic seed formation in Poa has been 
extended by FLovik (1938) to the species alpigena, glauca and arctica. 
Poa alpigena was found to comprise strains with different chromosome 
numbers, and meiosis was found to be irregular in representatives of 
all three species. Thus, the results described in this paper are not 
unique within the genus but may be obtained in other Poa species as 
well. The data from Poa alpina and pratensis now published may be 
regarded as one of the contributions to an analysis of this interesting 
genus, which is now being attacked by various workers by means of 
cyto-genetical, embryological, morphological and _ plant-geographical 
methods. — The main problem in the genus seems to be the origin 
and genetic basis of apomixis. By combined efforts it should be 
possible to elucidate this problem rather thoroughly, the material avail- 
able being very well suited for such studies. In the present paper the 
discussion of the apomictic phenomena has chiefly been confined to 
the genus Poa itself. When more data from the Poa species have been 
gathered the discussion may be extended to the apomictic phenomena 
in general. 


VIII. SUMMARY. 


1. Of 8 different apomictic strains of Poa alpina 4 were constant 
in morphology and chromosome number. In the other four strains 
different frequencies of aberrants were observed. In most strains the 
frequency of aberrants was not increased by mixed pollinations. 

2. The Poa alpina apomicts are characterized by various aneuploid 
chromosome numbers. Biotypes from the same geographical region 
tend to have the same number. Thus, most of the Swiss apomicts had 
2n = 37, the Scandinavian strains representing the numbers 33, 38 and 
35. The characteristic chromosome numbers are valuable for plant- 
geographical studies. 

3. Meiosis in some Poa alpina apomicts was found to be irregular. 
The frequent occurrence of multivalents, combined with the fact that 
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the strains studied have a very good pollen fertility, indicates a rather 
pronounced degree of autopolyploidy. There was also evidence of a 
structural differentiation of the chromosomes. 

4. Diploid parthenogenesis according to the Antennaria-scheme 
was observed in one of the Swedish apomicts of Poa alpina. 

5. In a sexual alpina strain with oscillatory chromosome number 
individual progenies showed a slight average decrease in chromosome 
number, the aberrants with lower numbers than the mother being more 
numerous than those with higher numbers. In this material there was 
no correlation between chromosome number, vigour and fertility but 
a positive correlation between degree of tillering and male fertility. 
Meiosis in this sexual strain is of the same type as in the p. m. c. of the 
apomictic biotypes. 

6. In the sexual alpina strain selection for high and low chromo- 
some numbers was undertaken. Selection for high numbers gave off- 
spring with chromosome numbers ranging from 25 to 64. In relation 
to the chromosome number of the mother plants the majority of these 
plants were minus variates. Due to the functioning of unreduced 
gametes the degree of chromosome variation among the plus variates 
was stronger than among the minus variates. Also in this material 
no correlation between chromosome number and vigour could be 
established. 

7. Selection for low chromosome numbers gave rise to a stable, 
but still sexual strain with 22 chromosomes. Meiosis in this strain is 
regular, 11, being present at I—M. 

8. Another case of secondary balance was met with in a sexual 
polyhaploid of Poa pratensis having 2n = 36. At meiosis in this type 
18,, were present at I—M and most of the offspring after isolation had 
2n = 36 like the mother. 

9. In a sexual alpina plant, giving tetraploid offspring, the pollen 
size curve was found to be bimodal in some samples, unimodal in 
another one. Unreduced pollen grains were evidently formed only 
under certain environmental conditions. 

10. A collection of Poa alpina strains from Switzerland were 
studied. Predominantly, this material was found to be apomictic, but 
some strains were sexual to varying degrees. The most frequent 
deviations in chromosome number were due to the functioning of un- 
reduced gametes. Also the opposite process was observed, viz. the 
formation of haploids from types with high chromosome numbers. 

11. On account of their chromosome numbers two viviparous 
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strains studied must be closely related to agamospermic strains from 
the same locality. In material with the same peculiar and aneuploid 
chromosome number a differentiation by mutation must be assumed, 
leading to morphological diversity or even to a transition from agamo- 
spermy to vivipary. It is not excluded, however, that the whole species 
complexes Poa alpina and, especially, Poa pratensis are of a hybrid 
origin. 

12. Crosses between a sexual and an apomictic Poa alpina strain 
were undertaken. The chromosome numbers of the parents were 24 
and 38. In F,; the chromosome numbers ranged from 25 to 43, one 
maximum corresponding to reduced female + reduced male gametes, 
another maximum to unreduced female -++ reduced male gametes. 

13. The F, plants had good fertility and were found to be quite 
sexual. Of 17 F: progenies raised, all showed variation in morphology 
as well as in chromosome number. A regular formation of haploids 
(15 per cent) was observed in the offspring of some F, plants with 
high chromosome numbers. This must be due to a combination of 
the parental tendencies to chromosome reduction and parthenogenetic 
development. 

14. All F, plants tested were found to be sexual. Therefore, 
apomixis cannot be due to a single gene but rather to special con- 
stellations of genes and chromosomes brought about by natural selec- 
tion. In Poa pratensis formation of haploids or triploids from pre- 
dominantly apomictic types also leads to pure sexuality or an increased 
degree of sexuality. 

15. The properties of a haploid pratensis type and a number of 
diploid-triploid twin clones of pratensis were studied. The twins with 
high chromosome numbers require more time to reach their full devel- 
opment than the twins with low numbers. In most cases the twins with 
an increased chromosome number were less productive than the normal 
twins. Results of a morphological and chemical analysis of the same 
material are reported. In Poa alpina as well as in P. pratensis a 
positive correlation between chromosome number and cell size was 
established. 
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ON THE PROGENY OF DIPLOID x TRIPLOID 
POPULUS TREMULA 


WITH SPECIAL REFERENCE TO THE OCCURRENCE 
OF TETRAPLOIDY 


BY INGRID BERGSTROM 


INSTITUTE OF GENETICS OF THE UNIVERSITY OF LUND, SVALOF, SWEDEN 





Bt direction of Professor HERMAN NILSSON-EHLE a series of crosses 
between ordinary diploid Populus tremula L. (2n = 38; cf. BLACK- 
BURN and HARRISON, 1924) and triploid gigas forms of the same species 
(2n = 57) were carried out at the beginning of 1937 at the Institute of 
Genetics of the University of Lund at Svaléf (cf. NILSSON-EHLE, 1938). 
Of the aspen types in question the diploid female type, which was used 
as a mother plant in the cases treated below, originated from Satra Bruk 
in the province of Vastergétland, while the triploid males represented 
two different types, one of which belonged to the clone detected by 
Professor NILSSON-EHLE in 1935 at Lill6 on the shore of the Lake Ring- 
sjén in Skane (NILSSON-EBLE, 1936) and the other to a clone discovered 
by S. G:son BLOMQUIST in 1936 at Vale near Séraker in the province of 
Medelpad in northern Sweden (BLOMQUIST, 1937). 

As reported by MUNTZING (1936), who has subjected the Lill6é type 
to a cytological investigation, the pollen grains of the triploid display a 
remarkable variation in size and quality as compared to those of the 
diploids, due to meiotic irregularities. Thus a certain amount of giant 
grains are formed, which are supposed to represent the unreduced 
chromosome number of 57. Providing pollen grains of this type should 
function, a cross between diploid and triploid would give tetraploid 
plants (2n = 76) among its progeny. The superior morphological pro- 
perties of triploid aspens (cf. NILSSON-EHLE, 1938) as compared to 
diploids, which will enhance their value for industrial purposes, make 
the breeding of new types of this kind particularly desirable. The 
production of tetraploids would imply the possibility of securing any 
number of triploids by crosses with diploids and that was the chief 
purpose of the breeding experiments in question (cf. NILSSON-EHLE, 
1938 and MUNTZING, 1936). 

The crosses were carried out in a greenhouse, where branches of 
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the above-mentioned types were kept in pots with water. The catkins 
of male and female twigs were made to develop simultaneously by 
retarding the development of the more advanced ones by exposing them 
for some time to lower temperatures. When the proper stage was 
reached, the pollen, which was shed in abundance, was transferred to 
the stigmata of the female catkins. Seeds developed within a very short 
time and germinated after a few days. 

At the request of Professor NILSSON-EHLE the seedlings thus ob- 
tained were subjected to a cytological examination in order to determine 
their chromosome numbers, attention being especially directed to the 
possibility of finding tetraploids. This task was preceded by a sorting 
of the material according to the different degrees of vigour displayed 
by the seedlings. According to the directions given, the would-be tetra- 
ploids, which were supposed to show to an amplified degree the mor- 
fhological properties of the triploids known, were to be sought for 
among the most vigorous plants. Those were all placed at the top of 
the batch, followed in a descending scale by seedlings of a weaker habit. 
The plants were numbered from 1 upwards. 

The cytological investigation was started as soon as the seedlings 
yielded root-tips suitable for fixation. As fixative, diluted chrome acetic 
formalin was used, and the sections were stained with gentian violet. 

It proved very difficult to find really good metaphases — if any 
divisions were found at all — in which the chromosomes could be 
counted with accuracy. Even in the best of plates the exact determin- 
ation of the number was a difficult task, as the chromosomes, on a 
whole very small, represent various categories of size, some being very 
small, others larger, and one individual of each set strikingly large in 
comparison with the rest. Consequently, it is sometimes very difficult 
to distinguish between a couple of smaller chromosomes lying together 
and an individual of one of the larger size classes (cf. MUNTZING, 1936). 
As a rule three counts were made from each plant. For the above- 
mentioned reasons the numbers obtained were very seldom the same 
for all counts, there being usually a difference of a few chromosomes. 
Sometimes several counts had to be made in order to get a fairly exact 
value. On later occasions fixations were carried out at different times 
and under different conditions, and some of them gave more satisfactory 
results, the cell divisions being more numerous and the plates fairly 
good. As found by TOMETORP (1937), RUNQUIST and the present writer 
to be the case also with leaf stalks and growing points it proved however 
difficult to find the most suitable occasions for the cell divisions, which 
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TABLE 1. Chromosome numbers of seedlings of Populus tremula from 
the progeny of diploid X triploid. 





Cross Chromosome number 


combination 
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seem to be much more dependent on external conditions in the aspen 
than in many other plants. Further attempts will be made in future. 
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Figs. 1—3. Somatic plates of diploid, triploid and tetraploid seedlings of Populus 

tremula from the progeny of diploid X triploid. — Fig. 1, 2n — 38; Fig. 2, 2n = 57; 

Fig. 3, 2n = 76. — X 3300. (What seems to be one of the bigger chromosomes in 

Fig. 3 should be interpreted as two smaller ones lying end to end. In the original 

drawing this was quite obvious but during the course of reproduction it has become 
indistinct.) 


The investigation was started with the above-mentioned more 
vigorous seedlings, but also individuals from the remainder of the batch 
were included as soon as they developed root-tips suitable for fixation; 
thus an idea of the material in its entirety was obtained. Table 1 shows 
the distribution of the chromosome numbers among the seedlings of 
the Satra X Lillé offspring (PI) examined in the investigation, and 
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amounted to about 100 plants. The result does not seem to be entirely 
in accordance with what might be expected from a progeny of this type, 
where the majority of plants should have chromosome numbers 
approximate to the diploid value (MUNTZING, 1936). On the contrary, 
the values of most seedlings were aneuploid approaching the triploid 
side.. There were only a few plants from which the exact diploid num- 








Fig. 4. Approximately triploid giant seedling (2n—+55) from the progeny of 
diploid X triploid Populus tremula. 


ber of 38 was obtained (Fig. 1, PI—1); some had approximately this 
number with 39—41 chromosomes, and plants were found representing 
almost all numbers from 38 to 57. Only one plant was found (PI—169) 
which seemed to have the exact triploid number of 57 (Fig. 2). Of 
these plants the diploids and those approximately diploid proved to be 
rather vigorous plants of a normal development. This was also the 
case with those approaching the triploid number, but these plants were 
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distinguished by their conspicuously increased vigour, in some cases 
resulting in real gigas types with remarkably large leaves and very tall 
growth (Fig. 4). As a rule the aneuploids were very poorly developed 
and of a highly divergent appearance. Many of them died at an early 
stage. 

The hope of obtaining tetraploids was fulfilled in that one plant 
(PI—30) was discovered in the investigation, which was found to have 
the 2n value of 76 (Fig. 3). Counts were made at first from three roots 





ie 
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Fig. 5. Tetraploid seedling (in the centre) (2n — 76) obtained from the progeny of 
diploid X triploid Populus tremula. 


which gave fairly good metaphase plates, one or two of which seemed 
to give the number of 76, while in others only lower values were ob- 
tained, but all of them above 70. Re-fixations were made for control 
and had to be repeated owing to the scarcity of plates. The good 
fixations obtained confirmed the results of the preliminary counts, giving 
values varying between about 70 and what seemed to be the exact num- 
ber of 76, the latter being found in several plates. As is usually the case 
with plates with a high number of chromosomes and especially with the 
aspen where, as mentioned above, the difficulties of counting are con- 
siderable even at low numbers, there were almost one or two weak 
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points, however, where it was very difficult to tell with absolute certainty 
whether one or two chromosomes were present. There seems, however, 
to be sufficient evidence to permit the conclusion being drawn that this 


plant is really a tetraploid. 








t 


Fig. 6. Leaf of diploid Populus tremula (natural size). 


As soon as this tetraploid was found the rest of the material was 
thoroughly searched for plants of a similar appearance, and a few were 
selected for chromosomal examination, but none turned out to be 


tetraploid. 
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Fig. 7. Leaf of tetraploid Populus tremula (natural size). 
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The tetraploid plant (Fig. 5) carried the number of 30 given in the 
above-mentioned sorting and thus came high on the scale of vigour, 
though not on the top of it. Also, it did not at first attract attention 
owing to any pronounced properties as compared with others, but, as 
the vegetation period advanced, it developed into a harmoniously built 
plant of remarkably vigorous growth and had larger leaves than any 
other plant. In height it was, however, surpassed by some of the 
approximately triploid seedlings of gigas type. Fig. 6 shows a leaf 


from a diploid plant, and Fig. 7 one from the tetraploid plant. They 


Vigour 
3 


4 


] 
mee ee Ks. Cm 


Chromosome number 
Fig. 8. Diagram showing the average vigour of seedlings belonging to different 
classes of chromosome numbers. 


both represent the ninth leaf of the plant counting from the base 
(natural size). 

When kept for some time in the beds after having been removed 
from the greenhouse, the seedlings were subjected to a classification 
with respect to their more or less vigorous appearance. By means of 
ocular gradation they were referred to classes from 5 to 1 according to 
the higher or lower degree of vigour they displayed. The results 
obtained were placed in relation to the chromosome numbers of the 
seedlings involved. The diagram (Fig. 8), which shows the average 
vigour for the different classes of chromosome numbers, gives two 
maxima, the first at 3,36 for the diploid plants and for those nearly 
diploid, and the second at 4,80 for those close to the triploid value. The 
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minimum occurs at 2,20 for the aneuploids of the chromosomal class 
42—46, which contains plants of low viability as also does the class 
of 46—50, where the slightly higher mean of 2,48 is obtained. Plants 
approaching the triploid number, i. e. belonging to the class of 50—54, 
give the higher value of 3,44. The tetraploid seedling, not having at that 
time yet attained the degree of vigour displayed later on, gives the value 
of 4. Though comprising rather a limited number of seedlings, about 
60, this gradation nevertheless indicates the tendency exhibited by the 
progeny. 

Measurements of the stomata were also carried out, though only 
on a rather small scale. The values obtained from the four plants 
involved, two diploids, one approximately triploid with 2n = + 55, and 


TABLE 2. Length of stomata in diploid, triploid, and tetraploid 
seedlings of Populus tremula. 












































| Length of stomata (units) | 

| Sel | nm M+m 

| | 7] s| olnolaa{12)13/14 15\16\171 

| Diploid............... Berane | 6(21|38|42/00 9 4 0 1 | | 150 | 9,72 + 0,12 
eee | 3/12/35/37/34/21| 3| 150 | 10,21 + On | 
| Triploid'........................| | 4|11/21|40/36|18|16| 3| 0| 1] 150 | 11,55 + 0,13 
| Tetraploid... ........cc....+-: | | | | sltsissisisilos| 6| 5] 150 | 13,21 + 0,13 





the tetraploid, are shown in Table 2. The two diploids examined gave 
lower values than the approximately triploid giant, while the tetraploid 
plant shows the highest mean. The result is quite in conformity with 
the fact exemplified so many times, that an increase of the cell size is 
one of the effects of polyploidy. As indicated in another paper 
(BERGSTROM, 1938), this may be useful for a preliminary sorting of 
the material when further selections are to be made. 

Fig. 9 is intended to illustrate the morphological variation among 
the material as exhibited by the difference in leaf type in various plants. 
The leaves, which represent the largest size-class of each plant, were 
chosen with respect to this variation and thus do not all belong to plants, 
the chromosome numbers of which are known. A few instances may, 
however, be cited. The second leaf from the right in the first row with 
the very marked dentition originates from an aneuploid plant (PI—56) 
with + 45 chromosomes, the first one in the second line belongs to a 





* Approximately triploid with 2n — + 55. 
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giant plant (PI—92) with + 55, the one next to it (PI—136) has + 41 
chromosomes, and, finally, the first leaf of the lower line represents a 





Fig. 9. Leaves of various seedlings from the progeny of diploid X triploid 
Populus tremula. 


plant (PI—61) with a 2n value of + 48. The length of the leaves is 
40 % of their natural size. 
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Among the seedlings examined from the Satra < Séraker cross 
(PII), about 20 only, no tetraploid plant was found. As a whole this 
material seemed to represent a less favourable combination, the plants 
being as a rule of rather a poor development. 

Since this investigation was carried out a number of new triploid 
aspens have been discovered at different localities all over Sweden. 
Some of these new types have been found to be female. There is thus 
a very extensive material available, on the basis of which further 
breeding work has to be done and is in fact at present being carried 
out at the Institute for Breeding Forest Trees at Svaldf. 

I am greatly indebted to Professor HERMAN NILSSON-EHLE for 
having entrusted the carrying out of this investigation to me. I also 
wish to thank Professor ARNE MUNTZING for many valuable sugges- 
tions, and I am much obliged to Mr. C. G. VON SyDOw and to Mr. 
E. RunqQuist for having assisted me in various ways. 


Uppsala, April 1938. 
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THE CHROMOSOME CONFIGURATION 
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N the analysis of the 3rd chromosome deficiency Vein in Drosophila 

melanogaster (MouR, 1938) advantage was taken of a translocation 

in which a section of the left arm of the 3rd chromosome (3L) including 

the free left end, is translocated to the Y chromosome. This Y; 3 trans- 

location was produced by X-rays by PAINTER and MULLER (1929) and 

we are indebted to Dr. MULLER for the stock and for permission to 
utilize the case. 

The males which carry this translocation have one normal and one 
broken 3rd chromosome, the left part of the latter being attached to the 
Y chromosome. Such males have a complete outfit of 3rd chromosome 
material and are accordingly viable and fertile. 

Our analysis of the salivary chromosomes proved that the case is 
not as simple as previously assumed and a more detailed account will 
be presented in another connection. For the present purpose it is 
sufficient to mention that the translocated section which extends from 
the free left end (61A) of 3L to 72E in BRIDGES’ map (1935), was found 
to contain an inversion of the 63C—72E region. 

It cannot now be decided with certainty whether this inversion 
occurred simultaneously with the translocation as a result of the 
radiation or whether it was present beforehand in the radiated fly. 
Dr. MULLER states in a letter that there is no mention in his records 
of the presence of inversions in the 3rd chromosome. 

A photo of the 3L chromosome configuration from a T(Y; 3) 
individual is presented in Fig. 1 and a diagram of the same in Diagram 1. 
In the latter the translocation (black) is denoted 1 2 4 3, 1—2 represent- 
ing the non-inverted, 4—3 the inverted section. The inversion causes 
the typical loop formation. The remaining section of the broken 
chromosome (5—6 in Diag. 1) is seen upwards to the right in synapsis 
with the corresponding part of the normal chromosome (white in the 
diagram). 

In. the selection of this preparation for illustration the question of 
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the relation of the broken chromosome sections to the Y chromosome 
is left out of account. 





Fig. 1. The 3L salivary chromosome configuration from a T(Y;3) XX female. 
For explanation see text and Diag. 1. 


When T(Y;3) males are mated to + females we expect ordinary 
+ daughters and sons in equal numbers (see Diagram 2). The other 


6 


Diag. 1. Diagrammatic representation of the 3L chromosome configuration of Fig. 1. 
Normal chromosome white. The translocated section (1243) and the remainder 
of 3L (5—6) in solid black. 


half of the male zygotes will be hyperploid for the translocated section 
and that such hyperploid males may occasionally survive was observed 
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by PAINTER and MULLER (1929; MULLER, 1930) who found that they are 
small and weak, have a blunt body build, a dark patterned thorax and 
convex wings with imperfect crossveins. They are completely sterile. 
They are in the following denoted as »dark broad» (d. b.). 

The actual result of such a test was: 

OP +553; od’ + [T(Y; 3)] 582, d. b. 65. 

By mating T(Y;3) O& to attached-X Q we are also able to obtain 


Eqgs from: 
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Diag. 2. The zygotes produced by matings of T(Y;3) males to + females (left) and 
to XX females (right). 3L solid black, X and Y stippled. 


T(Y; 3) females as well as hyperploid females (see Diag. 2). A certain 
percentage of the latter survive and were found to show the same 
somatic characteristics as the hyperploid males. 

In this connection it may be mentioned that PAINTER and MULLER 
in their description of the case (1929; MULLER, 1930) state that the 
T(Y; 3) translocation is over 25 units long including the loci ru (0.0) and 
h (26.5). Our tests demonstrate that the translocated section extends 
considerably farther to the right, including the thread locus (43.2). A 
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mating of ru hth st cu sr e* caQ X T(Y;3) 0C' which in the normal 
third chromosome carried ru ju se th st gave the following offspring: 
O29 ruthst 72; Oo +77, d.b.st 7, ruthst 1. 
The fact that these hyperploid d. b. males are non-ru, non-th but 
show st in spite of the fact that they are known to be homozygous for 
all these genes, proves that the translocated section contains the normal 
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Fig. 2. The 3L salivary chromosome configuration from an XX female hyperploid 

for the 61A—72E section with the 63C—72E region inverted. I — haploid, II — di- 

ploid, III — triploid. The distal part of the hyperploid section (to the left) is broken 
off by accident during the preparation *. 


alleles of ru and th but not of st and that it accordingly ends between 


th (43.2) and st (44.0). 
The single ru th st male obtained in the test is an XO exception due 


to non-disjunction in the mother. 
In the salivary analysis of the translocation crosses of attached-X & 


by T(Y; 3) O'C were used in order to study the translocation in female 
1 For the drawings and diagrams we are indebted to the artist of the Anatomical 
Institute, Miss S. MorcH. 
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larvae. At the same time this affords an opportunity of studying the 
synaptic relations in female larvae hyperploid for a chromosome section 
which contains an inversion. 

Preparations from two such hyperploid females have been obtained. 
Fig. 2 shows the 3L chromosome configuration from such a female. As 
will be seen the two normal 3L synaptic mates have synapsed along their 
entire length, and the hyperploid section with the inversion has synapsed 
with the corresponding part of this diploid chromosome, except for the 
fact that the distal part of the inverted section has been broken off by 
accident during the preparation (to the left in Fig. 2). The inversion 
causes a_ typical loop formation, 
principally quite like the loop formed 
in diploid individuals heterozygous 
for an inversion. 

Hence the 3L chromosome con- 
figuration starts with a triploid section 
which divides T-like in a diploid (left) 
and haploid (right) branch. Within 
the latter, which in this preparation 
is very much stretched, lies the left 
end of the inversion. From here on 
the hyperploid inverted section is in 
complete synapsis with the corres- 
ponding part of the normal diploid 
. chromosome, making the entire loop 
triploid until the above mentioned 
broken end. The rest of 3L (from 
72E to the spindle fibre attachment) 
is of course diploid. A photo of the 
same preparation is presented in Fig. 3. 

Fig. 4 shows the 3L chromosome configuration from another hyper- 
ploid female larva. Here the critical regions are less stretched and the 
distal end of the inverted section is complete and connected with nucleolar 
material. At this point there is an aggregate of chromatic material which 
probably belongs to (a section of) the Y chromosome, a point which 
will not be discussed here. 

In a diagram of the same chromosome (Diag. 3) the hyperploid 
translocated section (black) is indicated by the figures 1243, 1—2 
representing the non-inverted, 4—3 the inverted region as above. 

We find accordingly that synapsis is quite regular in the salivary 





Fig. 3. Photo of the same prepar- 
ation as Fig. 2. 
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gland cells of individuals hyperploid for a chromosome section which 


includes an inversion. 
That an inverted section in one haploid chromosome causes the 





Fig. 4. The 3L salivary chromosome configuration from an XX female hyperploid 
for the 61A—72E region with inversion of the 63C—72E section. = haploid, 
II — diploid, III — triploid, 


Diag. 3. Diagrammatic representation of the 3L chromosome in Fig. 4. The normal 
diploid chromosome white, the hyperploid section (1243) in solid black. 


normal haploid mate to participate in a loop formation during synapsis 
is quite natural. But it might well be supposed that the presence of 
an extra chromosome section with an inversion, in addition to the two 
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normal synaptic mates, might present difficulties which would lead to 
irregularities. 

This is however not the case. The evidence presented demonstrates 
that there is complete synapsis of the two normal chromosomes result- 
ing in the formation of a normal diploid 3L, and the synaptic forces 
which cause homologous loci to contact are so potent that an extra 
haploid section with an inversion forces this diploid chromosome to 
participate in a loop formation of quite regular type. 


SUMMARY. 


The salivary analysis of a Y; 3 translocation produced by PAINTER 
and MULLER by X-rays showed that the translocated section extends 
from the free left end of 3L, viz. 61A to 72E and contains an inversion 
of the 63C—72E region. 

By appropriate matings salivary preparations of female larvae 
hyperploid for this translocation were secured. It was found that there 
is complete synapsis of the two normal 3L chromosomes with the hyper- 
ploid section, resulting in the formation of a triploid loop corresponding 
to the inverted region. 

Evidence is presented which demonstrates that the translocated 
section is much longer than previously assumed, extending to a point 
between thread (43.2) and scarlet (44.0) in the linkage map. 
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INTRODUCTION. 


l\ this paper the authors do not intend to give a full account of the 
theory of meiosis, they only wish to take up for discussion some 
problems hitherto neglected or unknown to cytologists in general. Our 
opinion is that no morphological findings can explain fully the differ- 
entiation of meiosis and mitosis but may nevertheless be of value for a 
future attack on the causes of meiosis, not only on the course of meiosis. 
Here we want to emphasize that recent X-ray results have demonstrated 
quite clearly the time of chromosome splitting in mitosis and the 
connection between reproduction and nuclear sensitivity. Our inter- 
pretation of the facts given below is, however, independent of this view. 
Similarly we have not discussed things from the view of the precocity 
theory as outlined by DARLINGTON, although this theory signifies a 
turning point in the history of cytology. 

Recently, one of the authors (GENTSCHEFF, 1937) found a peculiar 
mode of tapetum development in several apomicts of Hieracium. Since 
pollen production in most apomictic Archieracium biotypes is very low 
or nil, and tapetum degeneration differs from the behaviour in sexual 
types, there is presumably some causal connection. We began this study 
with the intention of re-checking the behaviour of tapetum in different 
apomicts and in pollen-sacs showing different types of division. 

Some years ago the other author (GUSTAFSSON, 1935) studied the 
female development of several apomictic genera and found growth and 
timing phenomena to be closely connected with changes in meiosis. In 
a paper published in 1939 a series of apomictic phenomena were shown 
to depict the same regularity. The occurrence of some exterior factor, 
changing meiosis and connected with these growth phenomena, was 
postulated. The other problem to be studied in this investigation was 
therefore: Do we find in PMC:s with disturbed meiosis growth phen- 
omena or altered time relations responsible for the mitotic-like 


behaviour? 
Hereditas XXVI. 14 
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Finally: What bearing have these eventual growth or time phen- 
omena and the balance between tapetum and PMC:s on the explanation 
of meiosis? 


MATERIAL AND TERMINOLOGY. 


In the late spring of 1939 the authors started a series of injection 
experiments with folliculin, testosteron, aneurin, auxins and colchicine 
on different species of Lilium, Crepis and Hieracium in Lund Botanical 
Garden in order to study the hormonal influence on meiosis. For the 
sake of comparison untreated plants were fixed. Later we found a 
meihod for the cultivation of Spinacia and Pisum biotypes under light- 
and dark-conditions from seed to flower on agar containing different 
salts and hormones, a report of which will be given shortly. For the 
original purpose of comparison but also for studies on normal meiosis 
we fixed material of several Hieracium types. Buds were fixed in the 
chromic acid-fixative used at Svaléf Chromosome Laboratory with 
some minutes’ prefixation in alcohol. The types studied in this paper 
are H. speciosum HORNEM. and leiophanum DT, (2n=— 18), H. caeru- 
laceum Arv. (2n= 27), H. robustum MartTR. and amplexicaule L. 
(2n = 36). A careful examination was made of the two last-mentioned 
apomicts. The injection material has not been studied so far, but 
apparently the injections cause a series of non-specific artefacts. The 
cultivation method mentioned above should be superior. 

A great many facts have accumulated from the studies on apomictic 
problems during the two last decades. Unfortunately, however, many 
scientists working in this field have not denied themselves the pleasure 
of introducing new terms or of changing the meaning of old ones. A 
most simple but clear terminology should be applied. 

In order to facilitate the reading of this paper and to avoid mistakes 
we want to give short definitions of the terms and expressions used. 

Agamospermy (TACKHOLM, 1922): Seed production without fertili- 
zation. Comprises the three phenomena of diplospory, apospory and 
nucellar embryony. 

Allogenomatic and autogenomatic (LEVAN, 1937): The genomes are 
respectively structurally different or identical. Used by LEvAN for di- 
ploid organisms exclusively. The terms can be also used for polyploid 
organisms. An autogenomatic tetraploid has four genomes identical 
from a pairing point of view, an allogenomatic tetraploid has four 
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genomes which are structurally different or non-homologous. The wider 
usage of the terms has been approved of by LEVAN. 

Apogamety (RENNER, 1916): The formation of a sporophyte without 
fertilization from a vegetative cell in a gametophyte. 

Apomixis (WINKLER, 1908): Propagation without fertilization. 

Apospory (BOWER, 1885): The formation of a gametophyte from 
vegetative cells of a sporophyte by mitotic divisions. Transitional stages 
to diplospory exist in phanerogams. 

Chromoplasm (KOLTZOFF, 1938): A collective term for the sub- 
stances, nucleic acids and proteins, which form the chromosome cover 
or calymma at the kinetic phase of meiosis and mitosis. 

Diplospory (EDMAN, 1931): The formation of an unreduced gameto- 
phyte from generative cells by means of divisions having meiotic or 
sometimes a mitotic character. The unreduced chromosome number 
may arise by the formation of restitution nuclei, pseudohomeotypic 
divisions or mitotic-like divisions after growth and _ vacuolisation 
phenomena. 

Hieracium boreale, laevigatum and pseudoillyricum types (ROSEN- 
BERG, 1927): The H. boreale type has a variable pairing of from no 
bivalents to many. The H. laevigatum type is the extreme case having 
still contracted, meiosis-like chromosomes but without any pairing. In 
the H. pseudoillyricum type a nuclear contraction takes place at pro- 
phase and chromosomes are entirely mitotic-like at later stages. 

Interphase (LUNDEGARDH, 1912): The so-called resting stage be- 
tween two nuclear divisions. 

Interkinesis (GREGOIRE, 1905): The transitional stage between first 
and second division of meiosis. Interkinesis may be more or less a real 
interphase. 

Nucellar embryony: The formation of a sporophyte from nucellar 
cells without gametophyte formation. 

Parthenogenesis (WINKLER, 1908): The formation of a sporophyte 
from an egg-cell, whether this has arisen in haploid, diplosporous or 
aposporous gametophytes. 

Pseudohomeotypic division (GUSTAFSSON, 1935): No chromosome 
pairing. Univalents gather in the equatorial plane and divide at first 
division. No second division occurs. 

Semiheterotypic division (ROSENBERG, 1927): No pairing. Uni- 
valents are scattered over the metaphase spindle. Restitution nuclei 
frequently arise. Second division occurs. 

Tapetum: One-, two-, four- and eight-nuclear tapetum implies that 
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the individual tapetal cells contain 1, 2, 4, 8 nuclei. Four-fused tapetum 
signifies that tapetal cells contain 4 more or less fused nuclei. 





Figs. 1—24. Meiotic phenomena in Hieracium robustum. — Figs. 1—3. Division 

type 1. Meiosis starting at a very early stage. — 1. Interphase or early prophase. 

Cells and nuclei very small. Tapetum cells one-nuclear. — 2. Semiheterotypic meta- 

phases with. crowded, contracted chromosomes. — 3. Interkinesis. Micronuclei due 
to irregular divisions. Tapetum cells have one, two or four nuclei. — X 950. 
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DOUBLE CHROMOSOME REPRODUCTION, FRAGMENTA- 
TION AND TAPETUM DEVELOPMENT IN HIERACIUM 
ROBUSTUM. 


H. robustum, never producing pollen, exhibits three types of division 
in the PMC:s, all connected in some way with the tapetum development, 
time of division or with the situation of the flowers within a head. In 
a paper of 1927, ROSENBERG (1927 a) described one regularity with 
regard to bivalent formation. In biotypes, usually without bivalent 
formation, rare bivalents occurred, always at the periphery of the head 
in the very old flowers. This finding was confirmed by GENTSCHEFF 
(1937) and is true also of the apomicts examined here. Apart from 
that regularity, ROSENBERG did not discover any conspicuous exterior 
influences, connected with differences in division type, in spite of the 
fact that they are sometimes obvious. 

H,. robustum differs in all division types with respect to tapetum 
development and division start from the normal as illustrated by 
GENTSCHEFF (1937). In general early prophase stages of Archieracium 
apomicts appear at the time of one- or two-nuclear tapetum, metaphase 
and interkinesis at two- and four-nuclear stage. Just a little later the 
fusion of the four nuclei takes place. Eight-nuclear tapetal cells may 
also occur. 

Division type 1 is found in young flowers in the middle of the head 
(Figs. 1—3) 





3). Cells and nuclei are extremely small (Table 1), the 
tapetum at the prophase stage still being one-nuclear. Division in 
PMC:s proceeds rapidly. At metaphase stage chromosomes are con- 
tracted and form a semiheterotypic division without bivalents and with 
the univalents scattered over the spindle. Yet the tapetum cells are in 
the one- to two-nuclear stage, this being the case at first telophase also. 
Anaphases are irregular, leading to the origin of polynuclear PMC:s. 
Regular dyads and restitution nuclei are scarce, an important point in 
the interpretation of the next division type. In some cases metaphases 
contain mitotic-like chromosomes or the first division is more or less 
pseudohomeotypic in character, with many chromosomes arranged in 
the equatorial plane and splitting lengthwise. 

Division type 2 represents a double reproduction of the chromo- 
somes. As is well-known, special tissues of some plants give a con- 
tinuous increase in chromosome number, due to internal reproductions 
(GENTCHEFF and GUSTAFSSON, 1939a and b). The same result was 
obtained experimentally in Allium after auxin-treatment (LEVAN, 1939). 
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In 1927 ROSENBERG discovered a case in the PMC:s of Hieracium umbell- 
atum f. apomicta, which seems to be similar, but he interpreted the 





Figs. 4—6. Division type 2 and 3. — 4. Interphase of division type 2. Tapetum 

with four single or fused nuclei. Cells and nuclei have grown intensely. — 5. Later 

stages with double reproduction (36,;, each chromosome apparently having two 

chromatids). At metaphase the paired condition is frequently omitted. Tapetum 

very old. — 6. Division type 3. Tapetum cells even larger and older than in 5, but 

PMC:s have not grown so much. Owing to the stretching of the pollen-sac tissue 
the PMC:s lie separate and have rounded off. — X 950. 
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peculiar behaviour of chromosomes and nuclei as being due to the 
formation of restitution nuclei. After considering all facts and inter- 
pretations possible, we conclude that in H. robustum another example 
of the Spinacia case is met with. Since chromosome behaviour is differ- 
ent at meiosis and mitosis, the double reproduction will eventually cause 
an extremely interesting change in meiosis. 

In most of the pollen-sacs cells and nuclei continue growing with- 
out any divisions beginning. Interphase and early prophase stages — 
prior to the visible differentiation of chromosomes — occur when the 
tapetum cells contain two and four nuclei (Fig. 4). Mid- and late 
prophase are simultaneous with tapetum cells having four single or 
fused nuclei (Figs. 5,9). At early prophase PMC-nuclei can sometimes 
be seen, strikingly resembling mitotic stages from the periblem in 
Spinacia (Fig. 9). Chromosomes appear as long slender threads, lying 
in pairs and twisted around each other like chromatids (relational 
coiling). Whether the chromosomes themselves consist of two chrom- 
atids or not cannot be decided with certainty; in suitable places they 
appear double, similar to the case in Spinacia. In more advanced stages 
the chromosomes contract but are still coiled once or twice around each 
other and lying in pairs (36,,). At the same time as they decrease in 
length, chromosomes become denser and thicker and their breadth is 
definitely greater than at interkinesis or early second prophase (Figs. 7, 
8, 12, 13). At late prophase the mutual coiling has disappeared but 
most of the chromosomes are in pairs. Frequently median connections 
are seen. Presumably they are due to a delayed centromere division 
as in auxin-treated Allium species. After the end of prophase — more 
or less diakinesis-like — the chromosomes have contracted even more, 
and at metaphase they exist as large round elements (Figs. 17, 18). 
Pairs of chromosomes still occur in many nuclei. Frequently, however, 
the individual chromosomes have separated and form a typical semi- 
heterotypic division, the univalents being scattered all over the spindle. 
Sometimes metaphases with long and slender, mitotic-like chromosomes 
are found. 

In the same pollen-sacs where this double-reproduction has taken 
place, cells with the single chromosome number (36) also occur (Figs. 
10, 14, 15). The number of these tetraploid PMC:s is variable. In no 
case has bivalent formation been observed in the median flowers. 
Apparently bivalents cannot arise in sacs with double reproduction, 
the nuclei either containing the double or the single number. 

Prophase chromosomes of these tetraploid nuclei present the com- 
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mon appearance, characteristic of Hieracium-apomicts having the 
boreale- or laevigatum-types of meiosis. They are fairly long and thick, 
always with the two chromatids closely attracted. At metaphase they 
are strongly condensed, almost round in shape. Generally forming a 
semiheterotypic division they lie scattered over the spindle. Sometimes 
they enter the equatorial plane and give a pseudohomeotypic division, 
usually irregular. Save for the chromosome number octoploid and 
tetraploid metaphases with scattered univalents appear completely 
identical. Anaphase separation is disturbed in both types of cells, and 
interkinesis-stages with micronuclei are common. The study of second 
division is rendered difficult, because PMC:s start to degenerate already 
before metaphase. In some heads and flowers the early degeneration 
is especially pronounced. In those very aberrant cases tapetum cells 
differ markedly from the normal appearance. They are swollen and 
contain vacuole-like formations. Usually the chromatin of the tapetum 
is discoloured or has begun to dissolve. In many flowers degeneration 
of the PMCs is not expressed until the first telophase or interkinesis. 


‘At any time when PMC:s degenerate, tapetum cells are abnormal and 


have reached the’ 8-nuclear or 4-fused stage. The correlation is quite 
clear. 

The premeiotic interphase and the early meiotic prophase are 
extremely mitotic-like; in fact, with the exception of differences in size 
the similarity between tapetal and PMC-nuclei is conspicuous. As has 
been mentioned already, early prophases of double-reproduction nuclei 
are remarkably reminiscent of periblem divisions in Spinacia. This 
state of things must be kept in mind in any discussion of the results. 

As mentioned above, ROSENBERG (1927 b) explained the occurrence 
of similar pictures in H. umbellatum f. apomicta by assuming the 
formation of restitution nuclei. In some microsporangia of this apomict 
the PMC:s were old and rounded off before division set in. In such 
divisions bivalents formed frequently. At first telophase two nuclei 
arose, often very different in size. Small cells remained undivided, 





Figs. 7—10. Divisions in pollen-sacs with double reproduction. — 7 and 8. Two 
PMC:s cut into two portions, each of them with 36 pairs of chromosomes. In some 
cases the individual chromosomes have become free, in others they lie close, due to a 
previous relational coiling (the twisting is still visible). — 9. One very early prophase 
with double reproduction, similar to periblem-divisions in Spinacia. The relational 
coiling is apparent. In the PMC to the right prophase is more advanced. — 10. Semi- 
heterotypic prophase (36,;) from a micro-sporangium with double reproduction. The 
nucleus is small. — 11. An interkinesis-stage (2nd prophase). Note the smaller size 
of chromosomes, nucleus and cell as compared with Figs. 7—9. — X 2100. 
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their nuclei being at an interphase-stage. In some cells the nucleus is 
in an interkinesis-like prophase with split chromosomes. In the com- 
mon type of restitution nuclei there are 27 split chromosomes, but in 
these cases both single and double chromosomes were present. The 
explanation of the high chromosome number is, according to ROSEN- 
RERG, that anaphases of PMC:s with a previous bivalent formation 








17 


Figs. 12—18. Division type 2 continued. — 12 and 13. Two portions of the same 
PMC (36,,, fragments are due to the sectioning). — 14—15. One prophase nucleus 
with 36 univalents (actually 38 bodies occur, the higher number is due to the section- 
ing). — 16—18. Metaphases from cells with the tetraploid number (Fig. 16), from 
cells with 36 pairs of chromosomes (Fig. 17) and 72 univalents (Fig. 18). In all 
metaphases chromosome size and structure are identical. — X 2100. 
obtain disjoined bivalent chromosomes, each consisting of two chrom- 
atids. Univalents gather at the equator and divide already at first 
division. Then a nuclear membrane is formed around all chromo- 
somes. During the subsequent interphase (interkinesis) those chromo- 
somes formerly participating in bivalent formation split. The chrom- 
atids of these chromosomes lie in the form of pairs and at second 
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metaphase they move to the equator. The chromatids of the univalent 
chromosomes do not split at second division, being the result of a 
splitting in first division, and so they remain at the outskirts of the 
spindle. Whether ROSENBERG’s interpretation is true or not, we do not 
venture to decide. Some properties of these supposed restitution nuclei 
are, however, suspicious. All the nuclei examined contained exactly 
54 chromosomes (2 X 27), no more, no less. As restitution nuclei are 
often incomplete, lower numbers could be also expected. The supposed 
interkinesis-chromosomes differed in shape and appearance from the 
normal, and metaphase chromosomes were contracted as at first meta- 
phase. This last feature is especially surprising. Taking all these 
facts into account, we cannot disregard the possibility of a double re- 
production even in H. umbellatum f. apomicta. In such a case the 
single chromosomes of a pair would have slipped off each other rather 
early. In fact, at least two of the singles in ROSENBERG’s Fig. 2 A lie 
close, and two others somewhat more apart. The same is true also of 
Fig. 2B. In the double reproduction nuclei of H. robustum we have 
often found that the separation of paired chromosomes may begin 
prior to the disappearance of nucleolus and nuclear membrane. 

By various means it can be proved that the double reproduction in 
H. robustum cannot be explained in the manner outlined by ROSENBERG 
for H. umbellatum. 

1) The earliest divisions visible (belonging to type 1) are very 
irregular. Bivalents do not arise. Restitution nuclei are rare and, if 
formed, often incomplete. Bivalents have been seen but exclusively in 
the peripheral flowers. The corresponding divisions begin even later 
than those of division type 2. Bivalent formation is not prior to but 
later than double reproduction. — 2) In the event of double reproduction 
the whole of a pollen-sac contains cells with one single nucleus (in 
contrast to the conditions in ROSENBREG’s investigation). If these single 
nuclei were restitution nuclei, two- or poly-nuclear cells should be found 
side by side. — 3) The interphase is more similar to the corresponding 
mitotic stage than to an interkinesis. In fact, the granular or net-like 
structure of PMC:s and tapetal cells is identical. — 4) These interphases 
give rise to prophases with normal unpaired chromosomes (36) close 
to the double reproduction nuclei. Corresponding stages are seen in 
both types of cells. The prophase chromosomes of doubled nuclei are 
no doubt different from those of interkinesis. They are thicker and 
broader with a ratio of length: breadth much smaller than in mitosis 
or second division. The chromosome number is always either 36, or 
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36,, and only at the end of prophase or transition to metaphase do the 
chromosomes of a pair separate. — 5) Early prophases look different 
from interkinesis-stages. The threads are twisted around each other 
and are longer and more slender than in a second prophase. — 6) Meta- 
phases are similar whether they contain 36,, 36,, 36,—72, or 72). 
Chromosomes are extremely contracted, square or round in shape and 
different from those at second metaphase. They always lie scattered 
over the spindle or form an irregular pseudohomeotypic division later 
on. Even in the event of a remaining pairing (this is not a pairing by 
contact) the division is semiheterotypic, indicating that the centromere 
of a pair has divided previously, each chromosome possessing at least 
one centromere of its own. 

Summarizing these facts, we must conclude that the occurrence of 
restitution nuclei after a preceding metaphase cannot explain the origin 
of double numbers in H. robustum. These must be due to definite 
changes of the reproduction mechanism. Since the earliest prophases 
visible contain double, twisted threads, as in Spinacia, most probably 
the double reproduction occurs somewhere during the interphase where 
PMC:s and nuclei grow intensely (Table 1). In Hieracium- and Tara- 
xacum-apomicts, of either the male or female organs, due to the omitted 
chromosome pairing, no typical pachytene stages occur. The transitional 
stage of interphase and typical prophase is sudden. If DARLINGTON’s 
postulates as to the time of splitting of meiotic chromosomes are true — 
and there is plenty of evidence — we dare not deny the possibility that 
in these double-reproduction nuclei of Hieracium splitting is repeated 
twice at early prophase. It seems hardly plausible, however. Here we 
wish to emphasize the fact that the interphases in division type 2 are 
extremely mitotic-like. 

Division type 3 is associated with bivalent and fragmentation phen- 
omena (Figs. 6, 19—24). As mentioned above, bivalents do not arise 
in the median’ flowers of a head, they are restricted in origin to the 
peripheral microsporangia. The cause of this will be discussed later. 
Prophases and metaphases of division type 3 occur at very advanced 
tapetum stages, even more advanced than in division type 2. Four- 
fused and eight-nuclear tapetal cells are most common (Fig. 6). The 
number of bivalents is variable: the occurrence of 9—10 bivalents is 
the rule, corresponding to an eventual hybrid structure (9,, + 18,). 
Trivalents occur but not frequently. Cytologically — even in the case 
of strong pairing — this apomict is not autopolyploid (or autogenomatic, 
which is a better expression; LEVAN, 1937). At anaphase chromosome 
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separation is irregular, due to the high number of univalents. Inversion- 
bridges are frequent, at first as well as at second division (Figs. 22, 23). 
In the same plate three or four bridges may be found, indicating a high 
degree of structural differences. At first division the occurrence of 





Figs. 19—24. Behaviour in the case of bivalent formation. — 19—21. +10, 9 and 
+ 11 bivalents respectively. — 22 and 23. 2nd meta- and anaphases with two-centro- 
mere formations due to inversion-bridges. Chromatids from univalents, split already 
at first division, are seen in the equatorial plane. — 24. Fragmentation in three 
PMC:s. Traces of bivalents and even trivalents can be seen. — X 2100. 
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inversion-bridges sometimes gives rise to hour-glass-shaped restitution 
nuclei of a peculiar shape. At second anaphase chromatids frequently 
remain in the equatorial plane, demonstrating the splitting of univalents 
already at first metaphase-anaphase. In spite of the structural differ- 
ences most chiasmata are terminal, each bivalent generally possessing 
only one chiasma. Either this indicates an exclusive pairing of 
terminal segments or, what is more probable, owing to the incidental 
occurrence of bridges, it indicates that terminalisation proceeds over 
homologous chromosome parts as well as over sections structurally 
different. 

The most conspicuous feature in the case of bivalent formation is 
the extreme fragmentation of the chromosomes (Fig. 24). This destruc- 
tion does not begin until late metaphase, but then the cells are filled 
with small chromatin pieces of different size. Now and then traces 
of bivalents (trivalents) can be seen, when the fragmentation was not 
complete. An interesting point is that fragmentation is higher at the 
tip of the pollen-sac than close to the ovule. This is a correlation 
phenomenon. A similar condition is found in H. amplexicaule. The 
fact has not been noticed previously but is very marked. 

Similar fragmentation phenomena have been described by BEADLE 
(1932), BERGMAN (1935), MATHER (1934), and WHITE (1937). In the 
first case a spontaneous gene-change altered the properties of meiotic 
chromosomes so that they become sticky and break into pieces. In his 
paper, MATHER demonstrated a different response of chromosomes to 
X-rays in Tradescantia bracteata and Vicia faba. In the former species, 
where terminalisation is almost complete, fragments arise already at 
prophase; in the latter species, where chiasmata are interstitial and 
numerous at metaphase, fragmentation does not begin until early 
anaphase. (Unfortunately the fragmentation rate of Vicia faba was 
fairly low.) According to MATHER, the different time-action of repulsion 
forces is responsible for the difference in behaviour. It could possibly 
be assumed that the formation of bivalents and their separation caused 
the altered stability of the chromosomes also in H. robustum. In that 
case, however, only the bivalent chromosomes would break and the 
univalents, which are frequent, would remain intact. This is not true. 
All chromosomes, whether from bivalents or univalents, finally fall into 
pieces. Therefore the explanation of the fragmentation in H. robustum 
must be another. In the lateral, very old flowers conditions exist which 
cause bivalent formation and at the same time increase the internal 
weakness of the chromonemata. Fragmentation in H. amplezicaule is 
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somewhat different, but even there it does not start until anaphase 
(p. 232). On p. 244 these matters will be discussed further. Here only 
one interesting fact will be mentioned. 

Restitution nuclei and telophases of the first division pass into a 
real interphase (resting stage) in many Hieracium species. Therefore 
we have at first anaphase-telophase an onset of forces, changing the 
chromosomes to interphase structure. Presumably the destruction of 
nucleic acids and proteins, formed at early prophase (CASPERSSON, 1936; 
KOLTzOFF, 1938) and producing the chromoplasm (matrix, pellicle, 
calymma), sets in, rendering the chromonemata (genonemata, KOLT- 
ZOFF) more or less free. As long as the chromosome cover persists, 
the weakened chromonemata are held together; but when the kinetic 
phase comes to an end and the non-persistent material of the chromo- 
somes disappears, the weakened chromonemata will release the hundreds 
or thousands of micro-units. 

That the delayed onset of prophase in PMC:s can weaken the 
chromosomes, is also shown by BERGMAN’s paper (1935). In strongly 
hydrated cells of Leontodon hispidus chromosomes were usually mitotic 
in length at metaphase, but at the same time intensely fragmented. 


GROWTH AND TIME PHENOMENA IN H. ROBUSTUM. 


In Table 1 the size of PMC:s in different types of division can be 
seen. The earliest divisions to start (division type 1) lack bivalent 
formation but chromosomes are contracted (i. e. heterotypic in shape) 
and the anaphase implies an actual reduction in chromosome number, 
apart from the few cases of restitution nuclei. Cells and nuclei are 
very snvall. The greatest cell-growth takes place between early prophase 
and metaphase. At metaphase cells have approximately the same size 
as at interkinesis (products of length and breadth 156 and 162 
respectively). The small size of the cells even at metaphase makes the 
cells intensely crowded with chromosomes. 

Division type 2 shows a very strong growth of the interphase cells 
before meiosis begins. They are larger than the interkinesis cells of 
division type 1 (193 : 162 square-units). If they were actually restitu- 
tion nuclei after semiheterotypic divisions of type 1, their size should 
not be greater than that of interkinesis cells. In the event of double 
reproduction the increase in size is very marked at early prophase, 
whereas prophases with single chromosomes (close to the prophase 
nuclei with double reproduction) have a slightly higher cell-size than at 
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interphase (in the first case 403 to 193 square-units, as against 261 to 
193 square-units in the latter case). Cells with 36,, or 72; have approxim- 


ately the same size at metaphase as at late prophase. 


This difference 


in behaviour can be explained in the same manner as in Spinacia 
(GENTCHEFF and GUSTAFSSON, 1939 b, p. 384). Due to an intense growth 
at interphase many cells have acquired a size that does not correspond 


to the chromosome number. 


TABLE 1. 


(The average figures of ten PMC:s. 


Still the somatic number may not be 


The PMC-size of H. robustum in different division types. 
1 unit = 1,3 14). 
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increased at the time of prophase onset. 





If, however, the cell-size has 


advanced beyond a certain threshold value, reproduction must continue 
until cell-size and nucleus-size are in harmony. 
proportional to the chromosome number, an increase in nucleus-size 


can be brought about by internal reproductions. 


As nucleus-size is 


After the double re- 


production, nuclei will continue to grow until an optimum size has been 
reached, hence the prophase increase of growth. 


different size of 12,, and 24, cells.) 


(Cf. in Spinacia the 
In cells below the threshold value 


one single reproduction will occur (either at interphase or at very early 
prophase), hence the slight increase in the size of single-prophase cells 
from the same pollen-sacs where double reproduction is also found. 
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In division type 3 cells with bivalents are larger than interphase 
cells of type 2. ROSENBERG’s explanation, cited above, cannot be true 
of H. robustum even for that reason. If the interphase cells of type 2 
contained restitution nuclei formed in cells with bivalents, they should 
be larger than metaphase cells of type 3 and only slightly smaller than 
cells in second division (the ratio is here 193 : 321 square-units). 

As shown in the table, metaphase cells of type 3 are very much 
smaller than those of type 2 (proportions 243—257 : 457). That is seen 
also in Figs. 5 and 6. In spite of the prolongation of interphase and the 
late onset of division they have grown only a little. Due to the stretching 
end growth of the pollen-sac tissue they have, however, rounded off. 
At the same time they show a high rate of bivalent formation — hence 
meiosis is more normal in this respect than in division types 1 and 2. The 
double reproduction cannot be due to an inhibited precocity of the cell- 
divisions but to the growth of the cells. And, what is more important, 
a long duration of the interphase stage does not inhibit meiosis (cf. 
GUSTAFSSON, 1939). 

Nuclear size has been measured in the same manner (length, 
breadth and product of ten nuclei). Early prophase nuclei of type 1 
show the dimensions 4,3 and 8,2 units (product = 35,3). Interphase 
nuclei of type 2 are 8,7 units long and 9,4 units broad (product = 81,8). 
Double reproduction nuclei at late prophase give the figures 14,6 and 13,1 


- (product = 191,3), single reproduction nuclei from the same micro- 


sporangia 11,0 and 10,3 (product = 113,3). There is a striking increase 
in growth at prophase of type 2, if double reproduction has occurred, 
but not in the case of normal behaviour. Had these interphase nuclei 
arisen after restitution processes, their size would not change so remark- 
ably at prophase. Interphase nuclei of type 2 are much larger than 
prophase nuclei of type 1. 


SEMIHETEROTYPIC AND PSEUDOHOMEOTYPIC DIVISI- 
ONS, BIVALENT FORMATION AND FRAGMENTATION IN 
HIERACIUM AMPLEXICAULE. 


Like H. robustum, this apomict is tetraploid (2n = 36). Pollen 
can be produced but is usually poor, probably not viable. In H. amplezi- 
caule a different metaphase behaviour appears and a definite regularity 
with regard to the time occurrence and location of the flower has been 
found. Most frequently three division types occur, i. e. semihetero- 
typic division after prophase stages without any so-called synizesis- 

Hereditas XXVI. 15 














226 G. GENTCHEFF AND A. GUSTAFSSON 


phenomena, pseudohomeotypic division and bivalent formation after 
prophase stages showing synizesis. In this apomict bivalent formation 
is not associated with any fragmentation of the chromosomes. Instead, 
this occurs at pseudohomeotypic meta- to anaphase in a special manner. 
Besides these three division types — which give transitions as described 





Figs. 25—55. Meiotic phenomena in Hieracium amplexicaule. — 25. PMC-appear- 

ance and tapetum development in prophase type 1, leading to semiheterotypic 

divisions. — 26. PMC- and tapetum appearance in prophase type 2, leading to 

pseudohomeotypic divisions and bivalent formation. Note the advanced tapetum 
and the PMC-growth. — X 950. 


below — some cases of omitted chromosome contraction have been 
observed and also some cases of an extreme delay of prophase start. 

Two common types of prophase nuclei have been observed, one 
occurring in the median flowers of a head at an early stage of tapetum 
development (Fig. 25), one in the lateral flowers in late stages of 
tapetum development (Fig. 26). As mentioned above, the two processes 
giving rise to different prophase development, usually cause also a 
different behaviour of the chromosomes at metaphase. A third pro- 
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phase type occurs after intense nuclear and cellular growth. This third 
type did not produce metaphases in the material examined. 





34 35 — 
Figs. 27—31. Semiheterotypic divisions in the median flowers after prophase type 1. 
— 27. Early prophase. — 28. Late prophase with contracted chromosomes. — 
29. Transition between semiheterotypic and pseudohomeotypic division. Regular 
pseudohomeotypic metaphases are not formed after prophase type 1. — 
30. Semiheterotypic metaphase. — 31. Ditto. — 32—34. Atypical semiheterotypic 
divisions as transitions to the later stages after prophase type 2. — 32. One bi- 
valent-like formation. Anaphase. — 33. Anaphase with a bivalent-like formation. 
— 34. Two differently splitting univalents. Usually univalents do not split at first 
division in the case of semiheterotypic anaphase. — 35. Interkinesis. — X 2100. 
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Figs. 36—47. Pseudohomeotypic divisions and fragmentation’ phenomena. — 
36. Pseudohomeotypic metaphase. Polar view. — 37. Ditto. Side view. — 
38. Pseudohomeotypic anaphase. — 39. Ditto with some delayed univalents. — 
40. Pseudohomeotypic division combined with bivalent formation. Univalents split 
before the bivalent separation. — 41. Bivalent formation and some splitting uni- 
valents. — 42. Pseudohomeotypic interphase. Compare the shape of the nuclei 
with that in Fig. 35. — 43. Inversion-bridges after bivalent formation. Fragments 
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Prophase type 1 in H. amplezicaule takes place when the tapetum 
cells contain one or two nuclei. Like H. robustum, this apomict has 
very small PMC:s when meiosis begins. Division starts precociously 
with respect to tapetal development and cell-growth. The subsequent 
metaphase contains univalents exclusively; bivalents do not and prob- 
ably cannot arise (Figs. 27—31). Semiheterotypic metaphases with 
highly contracted chromosomes are the result of this unpaired con- 
dition. At anaphase chromosomes are passively moved to the poles, 
their distribution being irregular. Restitution nuclei are formed fre- 
quently, due to the occurrence of univalents remaining in the middle of 
ihe spindle (for the process of restitution, see ROSENBERG, 1927 a and 
GUSTAFSSON, 1935). Not infrequently, however, some univalents gather 
in the equatorial plane (apparently by an active movement of their own) 
and split lengthwise (Fig. 30). If the number of splitting univalents is 
high at first meta- to anaphase, we get a pseudohomeotypic division. 
In the median flowers and after prophase type 1 regular pseudohomeo- 
typic divisions are rare. Most frequently we find transitions to the 
semiheterotypic state. Parenthetically it must be mentioned that in 
semiheterotypic divisions of most apomicts in Hieracium and Taraxacum 
the chromatids of univalents do not as a rule separate from each other 
until second metaphase, as in sexual species, and only in the event of 
bivalent formation do some univalents move to the equator and split 
lengthwise already at first division. In the meta- to anaphases, beginning 
early, no fragmentation phenomena have been seen. Instead, these are 
associated with the second prophase type and its later stages. 

Prophase stages of type 2 appear when tapetum cells contain four 
single or fused nuclei and arise in the lateral flowers of a head. Transi- 
tions between prophase type 1 and 2 exist. In the narrow zone of 
half-median (or half-lateral) flowers divisions having another appear- 
ance occur. In general, PMC:s containing prophase stages of type 2 
have grown larger than in type 1. Therefore they have not begun 
division until a well-developed tapetum has been formed and cells and 
nuclei have grown out to certain minimum dimensions. 

As in sexual species this prophase type, characterized by a sensitive 
prophase stage, gives rise to bivalent formation. Even pseudohomeo- 
typic divisions of almost regular and typical appearance are common 





due to the inversions. — 44—46. Intense fragmentation combined with pseudo- 
homeotypic division. — 47. Fragmentation. PMC:s to the right are closer to the 
ovule. Fragmentation is more intense towards the top of the loculi. — Figs. 36— 


46, X 2100. Fig. 47, X 950. 
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(Figs. 36—39). Apparently pseudohomeotypic divisions cannot arise, 
or semiheterotypic metaphases are exclusively formed in cells where 
the previous prophase or interphase stages showed no growth phen- 
omena or started precociously. If DARLINGTON’s hypothesis regarding 
chromosome movements is correct, univalents must ripen in order to 
obtain a two-centromere condition, and not until this process has 
finished are they capable of movements, orientation and division of 
their own. This conclusion was drawn by GUSTAFSSON in 1935 with 
regard to pseudohomeotypic divisions on the female side of Taraxacum. 
Several cases of pseudohomeotypic divisions in male organs have al- 
ready been described. With regard to their regularity there is a striking 
difference between the two types of sex-organs (GUSTAFSSON, 1938). 
In late or outgrown PMC:s of H. amplexicaule typical divisions occur. 
Even here transitional stages to the scattered position of univalents are 
sometimes found. They are not so common, though, as after prophase 
type 1. 

Bivalent formation (H. boreale-scheme) varies greatly (Figs. 48— 
52). As few as one or two bivalents occur frequently, but as many as 
nine (or even more) bivalents may arise. Apparently the maximum 
number of bivalents is approximately identical to what an eventual 
hybrid structure would indicate (9,,-+ 18,). H. amplezicaule, like 
H. robustum, must be regarded as allogenomatic. 

In some PMC:s we have noticed a bivalent behaviour and an ana- 
phase separation, hitherto undescribed. These anaphases contain a 
different number of bivalents in the equatorial plane, but most uni- 
valents have already moved to the poles. Several such daughter-plates 
showed a high number of chromosome bodies, and the total number 
of these was greater than 36 (Figs. 40, 41). The interpretation is easy. 
Some pseudohomeotypic divisions contain a variable number of bi- 
valents, and the chromatid repulsion of univalents is prior to bivalent 
separation. From a cyto-mechanical point of view this division type is 
very interesting. Division is delayed in comparison to the case in pro- 
phase type 1. Consequently chromosome pairing and chiasma form- 
ation can ensue. But at the same time prophase or prometaphase is 
retarded, giving the univalents time enough for a splitting of the centro- 
mere. In the subsequent meta- and anaphase chiasmata keep the 
bivalent-chromosomes together and their separation requires a greater 
force and a longer time than the chromatid separation. Therefore as 
far as univalent splitting is concerned anaphase separation is complete 
at a time when bivalents have not begun to disjoin. In some anaphases 
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the equator is still occupied by true bivalents and small splitting uni- 


valents at the same time (Fig. 41). 
As in H. robustum, chiasmata are exclusively terminal at meta- 





Figs. 48—52. Meta- and anaphases with different numbers of bivalents. Note the 
variable chromosome contraction. — 53—55. Mitotic-like divisions after nuclear 
contraction. — X 2100. 
phase. Inversion-bridges are common and frequently numerous (in 
some cases 9—10 bridges have been observed, Fig. 43). This indicates 
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that even the pairing genomes are structurally different, and for that 
reason the designation employed (allogenomatic biotype) is justified. 
The terminal chiasmata and the occurrence of inversion-bridges argue 
in favour of a pachytene pairing by terminal sections or a terminalis- 
ation over non-homologous segments. 

Telophase nuclei look different, whether they arise after semi- 
heterotypic or pseudohomeotypic divisions, as pointed out by GENT- 
SCHEFF in 1937. In the former case they are rounded off to all sides 
(Fig. 35), in the latter case they are half-moon-shaped, the linear sur- 
face turned inwards (Fig. 42). After bivalent formation telophase 
nuclei appear as in the second case. The cause of this different appear- 
ance is apparent. Semiheterotypic divisions contain scattered uni- 
valents; after the hypothetical stretching of the middle-part of the 
spindle some univalents still remain between the poles. Nuclear mem- 
branes are formed, including most of the chromosomes. Sometimes 
they give rise to restitution nuclei, but their edge will always be rounded 
off. In anaphases after high bivalent formation or in pseudohomeo- 
typic divisions separation is regular and the chromosomes (or chrom- 
atids) reach the poles simultaneously. Therefore the aspect facing 
inwards will be sharp and linear. 

Fragmentation in H. amplexicaule differs somewhat from the 
appearance in H. robustum. As mentioned above, it takes place in 
lateral flowers following prophase of type 2 with prolonged interphase 
stages (cf. H. robustum and Leontodon hispidus). However, it is never 
found in PMC:s containing bivalents but is exclusively associated with 
pseudohomeotypic divisions (Figs. 44—47). In the latter case univalents 
gather to divide already at first metaphase (which in this division type 
is also the second) after the centromere division has occurred. A 
certain stress on the chromosomes will arise at that moment. When 
the chemical changes of the chromosome structure begin (at late 
metaphase—anaphase), the breaking up of chromatids into smaller 
parts is first seen. Why this does not happen in the still later divisions 
containing bivalents is unknown to us so far. Probably some difference 
in the physiological condition of the preceding interphase is responsible 
for the change in stability. Fragmentation is more intense at the top of 
a pollen-sac, as in the case of H.robustum, suggesting some physiological 
influence by the PMC-location. 

Fragmentation in H. amplezxicaule is gradual, not sudden as in 
H. robustum. The first sign of a fragmentation is the occurrence of 
bodies having approximately half the univalent size. They orientate 
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in the spindle like splitting univalents at first anaphase. Chromosome 
bodies are also seen, equal in size to a quarter of a univalent, similarly 
arranged between the poles. The same thing is true of even smaller 
chromosome pieces. Since most of these parts of previous univalents 
lack centromeres, the regular and longitudinal orientation cannot be due 
to a centromere repulsion but to other forces acting in the spindle on 
the fragments. From the behaviour of X-ray fragments in plants we 
know that fairly small fragments, lying in the equator, frequently 
orientate in the length-axis (GENTCHEFF and GUSTAFSSON, 1939; cf. 
CARLSSON, 1938, for X-ray fragments in Chortophaga). The hypothesis 
might be put forward that chromosome fragments or parts — if lying 
in the middle, not on the outskirts of the spindle and showing tendencies 
to split — arrange regularly, irrespective of any possession of centro- 
meres. The different behaviour of the middle and the peripheral parts 
of the spindle may be attributed to special properties associated with the 
stretching at anaphase (BELAR, 1929; DARLINGTON, 1932, 1937; GUSTAFS- 
SON, 1935). 

Another mode of fragmenting is shown in Figs. 44—46. Chromo- 
somes are stretehed out at anaphase, giving a bridge-like appear- 
ance. At a later stage the threads fall into numerous pieces almost 
simultaneously. By this fragmentation the chromosomes apparently 
break up into their ultimate chromomeres. After counting the number 
of fragments in a cell, it would be possible to form an opinion regarding 
the chromomere number. Owing to the very high number of small 
pieces we hesitated, however, in carrying out such a task. 

In semiheterotypic divisions as well as in PMC:s with bivalent 
formation chromosome contraction varies widely (Figs. 49, 52). Meta- 
phases with long and with short chromosomes exist. Usually the former 
type of division contains strongly condensed univalents, the latter type 
less contracted chromosomes. Long-shaped univalents seem to dis- 
tribute more irregularly at anaphase. The highest chromosome con- 
traction is seen in pseudohomeotypic divisions. 

In some pollen-sacs transitional stages to the pseudoillyricum type 
are met (Figs. 53—55). Contraction stages of the nucleus occur at late 
prophase. These contraction stages are found also after semihetero- 
typic prophase (type 1). In those cases the univalents are still con- 
tracted at metaphase. Even metaphases of mitotic appearance — with 
long and slender chromosomes arranged regularly, as in mitosis — were 
found after slight nuclear contraction. These metaphases appear most 
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frequently after prophase type 2 or transitional stages between type 
1 and 2. 

Regarding prophase type 3, occurring in very old flowers, not much 
can be said, owing to the fact that later division stages were not found. 
Cells and nuclei have grown intensely already before mid-prophase. 
Chromosomes lie well scattered within the nuclear membrane and seem 
less contracted than in divisions of semiheterotypic character. 


TAPETAL GROWTH AND DEVELOPMENT IN RELATION 
TO MEIOSIS. 


In our study of tapetal development we included, for the sake of 
comparison, two sexual species, H. speciosum and H. leiophanum. Both 
are diploid (2n = 18), forming nine bivalents at meiosis. A third type, 
H. caerulaceum, is triploid (3x = 2n = 27), but shows an almost typical 
meiosis. Whether it is apomictic or sexual we cannot say. Pairing is 
very high at metaphase (11—12—13 bivalents and a few univalents). 
Apart from the occurrence of some micronuclei tetrad formation is 
regular. No careful examination of meiosis was made. 

In these three biotypes the growth of tapetal cells was studied at 
different stages of meiosis and tetrad formation by measuring the length 
of tapetal cells in a pollen-sac. The number of PMC:s corresponding 
to one tapetal cell was calculated. At early meiotic stages the PMC:s 
lie close to each other. The division of the length of a pollen-sac by 
its number of PMC:s gives an average figure of the length of a PMC. 
In later stages when the PMC:s have grown intensely or the tetrad 
membranes are swollen, the same figure gives only the space that one 
PMC has at its disposal. 

With regard to the designation of the different stages not much 
need be said. Early prophase denotes the stages up to pachytene 
(synizesis), mid-prophase is the stage when chromosomes begin to 
shorten and late prophase is approximately identical to diakinesis. 
Tables 2 and 3 give in a) figures of tapetal growth and in b) figures 
regarding the growth or space occupied by PMC:s. Each unit of the 
ocular micrometer corresponds to 1,3. Several whole pollen-sacs or 
parts of them have been measured. 

There is a remarkable growth period between early and mid-pro- 
phase at the time of pachytene pairing and chiasma formation in all 
three biotypes. In H. speciosum tapetal cells grow from 19,7 units at 
early prophase to 28,5 units at mid-prophase. In H. leiophanum the 
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corresponding figures are 16,5 and 24,8 units (at late prophase the figure 
is 31,7). In H. caerulaceum they are 32,0 and 42,4 units. This growth 
period is marked by an intense mitotic activity in the tapetal cells. 
Tapetal cells, containing one nucleus, change this condition rapidly to 
two- and four-nuclear. In the sexual types there is a tendency of fusion 
between tapetal nuclei already at two-nuclear stage. - But frequently 
fusion takes place in the four-nuclear stage. Tapetal cells with eight 
nuclei are also seen but more seldom. All these different stages of 
development appear simultaneously with the growth-period. 

After the end of this growth-period the tapetum is remarkably 
constant, and only when tetrads are ready and their membranes 
dissolve do they show a second growth-activity. The figures for 
H. speciosum are 28,5 units at mid-prophase, 26,4 at late prophase, 
27,3 at metaphase, 28,9 at interkinesis and 28,9 at early tetrad stage 
(before the final formation of four cells). The constancy is obvious. 
Later there is a slight increase to 33,3 units. In H. leiophanum the 
figures are 31,7 at late prophase, 28,7 at metaphase and 30,9 at early 
tetrad stage. At late tetrad stage and at pollen stage the tapetal length 
is 44,3 and 46,2 units respectively. In H. caerulaceum tapetal length is 
42,4 units at mid-prophase, 39,5 at late prophase and 39,0 at metaphase, 
but at late tetrad stage 45,3 units. 

Of considerable interest is the fact that the morphological doubling 
of chromosomes takes place at finished zygotene pairing at the time 
of chiasma formation, i. e. when tapetal cells (in Hieracium) have their 
greatest growth and division activity. The increase in volume of PMC- 
nuclei at meiosis has been referred to this stage (BEASLEY, 1938). At 
the beginning of prophase there is evidently a special growth and re- 
production impulsion spreading over the pollen-sac into the tapetum 
and PMC:s. In Hieracium only one row of PMC:s occurs, surrounded 
by the tapetum on all sides. An impulsion on the PMC:s via the 
tapetum is very likely. 

The PMC:s themselves do not grow much, in contrast to their nuclei. 
From early prophase to interkinesis the length of the PMC:s in 
H. speciosum is 8,1, 11,0, 10,5, 11,0, 10,7, indicating a slight growth at 
pachytene. The figures for H. leiophanum are 10,4, 12,2, 10,0, 10,0. Here 
the increase is more obscure. Figures for H. caerulaceum are 14,2, 
13,9, 16,3, 17,5, suggesting a growth process at mid-prophase. If a 
meiotic length increase exists, it is connected with a fairly early pro- 
phase stage. The growth values would probably be more marked if 
the increase in breadth was also taken into consideration. 
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The apomicts, examined here, behave quite differently. Semi- 
heterotypic division in both H. robustum and amplexicaule is carried 
out at a very early stage of tapetum development. At well advanced 
metaphase tapetal cells frequently contain one or two nuclei and fusion 
phenomena have rarely taken place. The growth curve is changed. At 
early prophase the tapetal cells are smaller in the tetraploid apomicts 
than in the diploid sexuals, in spite of the usual correspondence of 
polyploidy and cell size. In H. robustum tapetal cells cannot attain 
the size characteristic of H. speciosum or leiophanum (at interkinesis 
the values are 20,0 units as against 28,9 and + 28,7). In H. amplezi- 
caule tapetal cells do not grow up to 30 units until interkinesis and 
they never give the figures characteristic of the triploid examined, 
H. caerulaceum (+ 39,0). The mutual relation between meiosis-start 
and tapetum growth is entirely changed in the apomicts. Tapetal 
growth — when it occurs — takes place at a late stage of meiosis. 

The figures for semiheterotypic division and PMC-growth are very 
noteworthy. The smallest size of sexual PMC:s at any stage examined 
is 8,1 for H. speciosum, 10,4 for H. leiophanum and 13,9 for H. caerul- 
aceum. Early prophase cells of H. robustum are less than 6,5 units, 
those of H. amplezicaule less than 7,0 units, i. e. semiheterotypic meiosis 
begins at a stage of PMC-development when growth has not occurred 
or the dividing PMC:s have not acquired even the diploid size. Semi- 


‘ heterotypic divisions start precociously in relation to tapetal develop- 


ment and PMC-growth. 

Prophase type 2 in H. amplexicaule leads to pseudohomeotypic 
divisions and bivalent formation — and owing to inhibited chiasma 
formation to some semiheterotypic divisions. The tapetal cells in this 
prophase type (with synizesis-phenomena) pass through an activity 
period rather early and at first metaphase they have reached the four- 
fused stage. Their growth-curve is similarly expressed. At the end of 
early prophase they have an average length of 35,2 units, compared to 
14,2 after prophase type 1 and 19,7, 16,5, 32,0 in H. speciosum, leio- 
phanum and caerulaceum, i. e. they have grown considerably. The 
length of PMC:s is 12,9 as against 6,7 in prophase type 1. When bi- 
valents are formed, the preceding tapetal growth and activity and even 
the PMC-growth are similar to those in sexual species. 

At metaphase we find divisions which are pseudohomeotypic and 
sexual (with bivalent formation). Undoubtedly the pseudohomeotypic 
divisions show an intense prophase or interphase growth with regard 
to tapetum and PMC:s. Therefore the resulting univalents are given 
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the time necessary for their ripening processes. That pseudohomeo- 
typic divisions in H. amplexicaule imply transition-stages between semi- 
heterotypic divisions and bivalent formation is shown by the fact that 
they are irregular and incomplete after prophase type 1 but more 
normal in character after prophase type 2. The remarkable division 
type, still pseudohomeotypic but displaying a formation of bivalents, 
proves this conclusion. Even the figures regarding tapetal and PMC- 
growth indicate the same thing. 

At metaphase we find the two above-mentioned division types (1 
and 2). Tapetal cells in the case of pseudohomeotypic metaphases (1) 
have reached a size of 31,5 units, i. e. they are slightly smaller than 
the average sized cells at early prophase. Tapetal cells in pollen-sacs 
with bivalent formation are, however, 36,7 units in length, i. e. these 
cells are slightly larger than the average-sized cells at early prophase. 
With regard to the PMC-growth cells giving pseudohomeotypic divisions 
and bivalent formation the values are 12,1 and 15,0 units respectively, 
as against 12,9 at early prophase. The following conclusion is therefore 
arrived at: Pseudohomeotypic divisions are formed in those cells which 
at early prophase certainly belonged to prophase type 2 but simult- 
aneously were on the minus-side of the growth curve. Pollen-sacs, 
giving this division type at metaphase, have not reached the same phase 
of tapetum growth and development as in the case of bivalent formation. 
Transitions between the two metaphase types exist. 

In H. robustum loculi producing bivalents show an even more 
advanced stage of tapetum development. Tapetal cells are 49,2 units in 
length at metaphase, as against 36,7 in H. amplexicaule and 22,1 at 
semiheterotypic metaphase. The length of the PMC:s is 14,1 units, i. e. 
they have approximately the same size as corresponding cells in 
H. amplexicaule. The mitotic activity of the tapetal cells is intense in 
both species. At metaphase the formation of tapetal cells containing 
four-fused or eight-nuclear tapetum is the rule. Bivalent formation 
appears in sexual as well as in apomictic species exclusively when a 
proper balance exists between tapetal divisions or tapetal and PMC- 
growth and the onset of meiotic prophase. Disturbances in the course 
of meiosis will result when any of the components in this balance 
system is changed. 

Another illustration of this result is given by the behaviour in the 
event of double reproduction. Tapetal cells increase in length during 
prophase and metaphase from 38,5 units to 40,8, 40,4 and 40,0 units, i. e. 
with the exception of the first figure their size is fairly constant. 
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Apparently their most intense growth period takes place somewhere 
during the interphase. The values of PMC-length given in Table 3 are 
not the true ones. The length of a pollen-sac has been divided by the 
number of PMC:s occurring, but since several PMC:s grow just a little, 
some cells will be strongly compressed and their place taken by neigh- 
bouring PMC:s increasing intensely. The figures in Table 3 show that 
if all PMC:s were to grow equally, their size would nevertheless be 
greater at double reproduction than at bivalent formation (16,9 units as 
against 14,1). The length of tapetal cells is, however, very much greater 
in the latter case (49,2 units as against 40,0). At interphase and early 
prophase the figures recorded for PMC-growth (11,7 and 12,1 units) are 
considerably smaller than at late prophase and metaphase, but they are 
still higher than at interkinesis following semiheterotypic division. 

In Table 1 the average size of ten actually dividing cells has been 
calculated. As already mentioned (p. 223), these figures show that a 
period of intense growth takes place at interphase. A second period of 
growth of nuclei and cells occurs at late prophase as a response to the 
doubled chromosome number. Tapetal activity is at an advanced stage 
already at early prophase, but the number of tapetal nuclei is not so 
high as in bivalent formation, nor is the growth of tapetal cells so well 
expressed. Owing to the incidental suppression of growth in some of 
the PMC:s, others are capable of an unusually great increase and so the 
- double reproduction happens. Therefore, briefly summarized, PMC- 
growth is more advanced or intense in comparison to tapetal develop- 
ment and activity in the case of double reproduction than in the case 
of bivalent formation. 


DISCUSSION. 


This study has shown that in sexual species of Hieracium a special 
balance system exists with respect to the mutual relation of tapetum and 
PMC-development. The mitotic activity and growth of tapetal cells is 
especially pronounced at early meiotic prophase, the size of tapetal cells 
being constant from mid-prophase up to the moment when meiosis is 
completed and the pollen grains are formed. At this latter stage a 
second period of growth sets in, apparently associated with a swelling 
of cell-walls and cytoplasm without further mitotic activity. 

In male organs of apomictic Hieracium types this balance system 
is more or less upset in different directions. A comparison between 
sexual and apomictic biotypes is carried out in this paper but a com- 
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parison is also made between the modes of tapetum development in 
different division types. Certain distinct features were found. Bi- 
valents arise exclusively when tapetum growth, mitotic activity and 
PMC-growth are balanced to the prophase start in the same manner as 
in sexual species. ROSENBERG detected already in 1927 that bivalent 
formation is most complete in old PMC:s of lateral flowers. This 
finding was confirmed by GENTSCHEFF (1937). The eventual cause of 
the balance system, being properly adjusted chiefly in the lateral flowers, 
will be discussed later on. 

The difference existing between meiosis in male and female organs 
of apomictic groups (GUSTAFSSON, 1938) can now be expressed in a 
manner not possible previously. In ihe male organs of Hieracium a 
tendency exists to increase the degree of precocity, upsetting the balance 
system of meiosis by the beginning of prophase before tapetal mitosis 
and PMC-growth take place. Semiheterotypic and pseudohomeotypic 
metaphases result, both types without pairing but with chromosome 
contraction. In the case of the highest precocity possible semihetero- 
typic divisions appear, giving rise to restitution nuclei rather frequently. 

On the female side vacuolisation forces are generally active at the 
macrospore germination. An excellent account of the phenomenon in 
certain Rubiaceae-species was given by FAGERLIND in 1937. In several 
apomictic genera vacuolisation forces cause aposporous development 
from nucellar or chalazal cells. In the Alchemilla type of apospory 
potentially generative cells enter a meiotic prophase or show intense 
growth and vacuolisation at interphase stage and give mitosis. In 
female organs of Hieracium, finally, a tendency exists to decrease the 
precocity of meiosis, contrary to the case of increased precocity in male 
organs. Meiosis is omitted after an intense growth period and a long 
duration of the interphase. After such a delay semiheterotypic divisions 
are not formed, as far as we know, but pseudohomeotypic divisions 
frequently arise. After a certain threshold value of growth and vacuolisa- 
tion division is entirely mitotic. An extreme case of such vacuolisation 
forces is met with in Hieracium ramosum (GENTSCHEFF, 1937), where 
diplosporous embryo-sacs are replaced by aposporous cells. The sim- 
ilarity of all these vacuolisation phenomena induced GUSTAFSSON to 
postulate a special hormone influence with regard to cell-elongation, 
similar to the effect of auxin. Evidently the different behaviour of male 
and female meiosis in Hieracium seems to depend on a different time- 
action of the prophase starting force in relation to growth and vacuolisa- 
tion forces within the loculi and nucellus. 
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Another change of this balance system gives rise to the singular 
case of double reproduction in meiosis. In most loculi of Hieracium 
robustum prophase start and tapetum development show a better tuning 
than in semiheterotypic divisions but PMC-growth is too intensely ex- 
pressed. Interphase cells and nuclei reach a size somewhat less than 
the metaphase volume in the case of bivalent formation. The present 
authors concluded that in Spinacia the double reproduction occurred 
at the transitional stage of interphase and prophase, being due to a 
disturbed ratio of cell and nucleus volume. That growth phenomena 
act as reproduction forces — cf. the nucleus plasm relation of HERTWIG 
— has now been assumed for the following cases: 

In normal meiosis the morphological reproduction takes place at 
pachytene, at the stage of high nuclear growth. According to DARLING- 
TON and his followers pachytene implies the actual stage of meiotic 
reproduction. MARQUARDT (1937) showed that physiological reproduc- 
lion at meiosis does not appear until the beginning of prophase (an 
accurate timing of the different prophase stages after X-raying seems 
difficult). Sax (1938) and MARSHAK (already in 1935) found a period of 
high meiotic susceptibility at early prophase (pachytene). Growth 
phenomena and delayed reproduction at meiosis are correlated, at least 
in a morphological sense. 

The cells of special tissues are capable of intense enlargement after 


‘ auxin-treatment. As a consequence tetraploid numbers arise, chromo- 


somes reproducing twice (LEVAN, 1939; GENTCHEFF and GUSTAFSSON, 
unpubl.). Growth phenomena precede the reproduction. 

Double reproduction is frequent spontaneously in roots of Spinacia, 
where periblem cells contain tetraploid, octoploid and 16-ploid num- 
bers. X-ray data indicate that the increase in number occurs predomin- 
antly at seed-germination as a response to high cell-growth. 

An intense growth and vacuolisation changes the meiotic dis- 
position in mitotic direction, as has been proved with respect to diplo- 
sporous and aposporous organisms (GUSTAFSSON, 1939). If growth and 
vacuolisation have been sufficiently high, interphase nuclei enter 
mitosis directly instead of meiosis displaying bivalent formation. 
Pachytene growth is omitted. 

The chromosomes of those PMC:s in Hieracium robustum, which 
at interphase had the opportunity of cell-growth above a_ certain 
threshold value, reproduce twice, giving a metaphase with 36 pairs of 
univalents or 72 scattered chromosomes. 

Of special interest is the fact that in spite of the double reproduction 
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occurring the PMC:s give divisions, meiotic in character. At metaphase 
chromosomes are usually contracted, almost round in shape, and lie 
scattered over the spindle, division being potentially reductional. Accord- 
ingly the meiotic force acting on these double-reproducing PMC:s is so 
strong that one extra reproduction, probably occurring at the growth- 
period at interphase, cannot cancel or balance it. If this interpretation 
is correct, meiosis can happen even if reproductions occur at interphase. 
A special balance system of meiotic and mitotic forces exists. An in- 
crease in the strength of the growth and reproduction force will change 
the character of division. If the meiotic force increases at the same 
time in effect, it will eventually counteract the mitotic disposition again. 
Whatever the explanation, a doubling of the chromosome number takes 
place in the form of internal reproduction, meiosis still being prevalent. 
In the Hieracium-apomicts examined bivalent formation is restricted 
to the lateral flowers and cannot arise — even as a rarity — in the 
semiheterotypic or double-reproduction divisions in the median flowers. 
This shows that either the process of chromosome pairing or that of 
chiasma formation is entirely out of the question. If this depends on a 
shortened early prophase or on a changed time for chromosome splitting 
cannot be determined. One suggestion will be made. In the case of 
bivalent formation prophase is of the sexual type. Cell and nucleus 
increase in size at zygotene-pachytene. Presumably the duration of 
prophase is also increased. These two part-phenomena might facilitate 
the mechanical process of gene- and chromomere-attraction in pairs 
but also render the pairing firm and complete at the time when chro- 
mosome splitting occurs, essential for chiasma formation. This pro- 
phase growth might also facilitate the complete stretching out of 
chromonemata, after which the pairing can be accomplished. In the 
case of a rapid transitional stage of interphase and metaphase this 
uncoiling. process may be omitted. Why bivalent formation in all 
species studied, whether sexual or apomictic, is dependent on a special 
tuning of the tapetum to the PMC:s, is impossible to explain fully. 
Pronounced fragmentation processes are found in both apomicts. 
In H. robustum they are correlated to the formation of bivalents, in 
H. amplexicaule to pseudohomeotypic divisions. Fragmentation assaults 
the whole chromosome complement, bivalents as well as univalents. At 
incipient and advanced anaphase many cells are filled with small 
chromatin pieces, bivalents, trivalents or univalents suddenly or 
gradually breaking down. Previous studies on corn (BEADLE, 1932) have 
demonstrated that a recessive gene »st» changes the chromosomes 
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behaviour. The chromoplasm becomes sticky at meiosis as in the 
primary effect after high X-raying. At meiotic meta- or anaphase 
fragmentation is intense. -In mitosis disturbances are not so frequent. 
Apparently a physiological difference between the meiotic and mitotic 
stages exist. In the two Hieracium-apomicts studied fragmentation is 
connected with a prolongation of the previous interphase as is the case 
in Leontodon hispidus (BERGMAN, 1935). Since a gradual fragmentation 
takes place at the onset of anaphase in H. amplexicaule and finally 
hundreds of chromomere-like bodies result, this might indicate — if 
the parallelism with salivary chromosomes is allowed — that the 
inert material between the chromomeres (nucleic acid-protein discs? ; 
CASPERSSON, 1936) has not reproduced properly or is weakened. Never- 
theless the chromonemata are kept intact by the substances, formed at 
prophase, providing a fairly stabile chromatin cover. At anaphase, when 
repulsion forces act on the chromosomes (cf. MATHER, 1934) and these 
revert to the interphase condition, the stability of the chromoplasm will 
disappear. At any rate physiological differences exist within the head. 
Interphase stages differ in duration and metabolism and consequently 
give rise to disturbances in the reproduction mechanism or the con- 
sistency of the chromonemata. 

The authors dare not regard the balance system of meiosis as 
described in this paper as valid for phanerogams in general but should 


' like to emphasize the view that future investigations of meiosis in 


Hieracium and other apomictic genera cannot refrain from taking into 
consideration the physiological influence on meiosis from or via the 
tapetum cells. That is noteworthy especially of organisms where PMC:s 
form one cell-row only, covered with tapetum cells on all sides. The 
correctness of this view is supported by STEBBINS and JENKINS’s dis- 
covery in a Crepis-apomict (1939), where the tapetal cells form large 
undividing bladders and PMC:s degenerate already at early prophase. 
Tapetal cells are mitotically inactive, consequently PMC:s cannot 
develop — or vice versa. Meiosis in hybrids, in inbred strains of 
cross-fertilizers, in homozygotes of genes causing asynapsis or sticky 
chromosomes is presumably partly associated with physiological dis- 
turbances, as outlined above. — Recently, OEHLKERS (1937) showed 
that another property of the plant organism, i. e. the constitution of 
chloroplasts or the amount of chlorophyll, influences the course of 
meiosis. Is this influence dependent on or parallel to a different devel- 
opment or function of the tapetum, and is this influence different in 
male and female organs? 
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SUMMARY. 


1. Five Hieracium types, growing in the Botanical Garden of Lund 
University, have been examined with regard to chromosome number, 
meiosis, tapetum development and PMC-growth. 

2. H. speciosum HORNEM. and leiophanum DT. are sexual diploids 
(2n = 18) with regular bivalent formation (9,,), H. caerulaceum ARV. 
is triploid, but shows a very high pairing at meiosis (11—13,), 
H. robustum Martr. and amplezicaule L. are tetraploid (2n = 36) and 
display a series of degeneration phenomena. 

3. H. robustum gives three metaphase types at meiosis: 1) semi- 
heterotypic division, starting precociously with respect to tapetum 
activity and PMC-growth, 2) double reproduction, giving rise to an 
increase in the chromosome number at interphase (2n = 72), 3) bi- 
valent formation, the maximum number of bivalents being ap- 
proximately nine to eleven. 

4. H. amplezxicaule shows two types of prophase behaviour, corres- 
ponding to different metaphase appearance. The first prophase type 
is mitotic-like and gives rise to semiheterotypic divisions, the second 
type is sexual with a sensitive stage at early prophase (synizesis) and 
gives rise to regular pseudohomeotypic divisions and bivalent formation 
(O—11,). 

5. In the diploid and triploid types examined a special balance 
system of meiosis exists. Tapetal cells show a lively mitotic activity 
and an intense growth period at pachytene stage. PMC-growth occurs 
at the same time but is not so well expressed. After early prophase 
mitosis and growth of the tapetal cells are concluded, and a second 
period of growth does not appear until late tetrad stage but without any 
mitotic activity. At early prophase tapetum contains usually four single 
or fused and even eight nuclei. 

6. In division type 1 of H. robustum division starts when tapetal 
cells are one-nuclear and very small, and PMC:s have not acquired the 
size characteristic even of the diploid species. Prophase is remarkably 
precocious. 

7. In loculi displaying double reproduction tapetal cells and PMC:s 
show a better balance than in division type 1, but PMC:s nevertheless 
grow too intensely. In response to the changed proportion of cell and 
nucleus volume the chromosomes are forced to reproduce twice, as in 
Spinacia. The origin of 36 pairs of chromosomes is the result, each 
chromosome possessing one centromere and two chromatids. At meta- 
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phase the chromosomes lie in pairs (36,) or have a scattered position 
(72,). Division is meiotic in character in spite of the internal repro- 
duction, metaphase being typically semiheterotypic. 

8. Bivalent formation occurs exclusively when a proper balance 
exists between tapetal growth and activity, PMC-growth, prophase onset 
and chromosome reproduction. The balance system is identical in 
sexual diploids and tetraploid apomicts. 

9. In H. amplexicaule prophase type 1 occurs when the tapetal 
cells are at the one- or two-nuclear stage and PMC:s still very small. 
Semiheterotypic metaphases result. Infrequently transitions to pseudo- 
homeotypic divisions are found. 

10. Prophase type 2 occurs at an advanced tapetum stage (four- 
and eight-nuclear stage). PMC:s are larger than in type 1. 

11. Pseudohomeotypic divisions arise in those cells of prophase 
type 2 which at early prophase belonged to the minus side of the growth 
curve. They occur abundantly and are generally regular in character. 

12. Bivalent formation appears after prophase type 2 in those cells 
which at early prophase were on the plus side of the growth curve. As 
in the sexual types and in H. robustum, a proper balance of tapetum 
and PMC:s must exist before bivalents will be able to form. 

13. A division type, previously undescribed, has been observed, 
combining features from the pseudohomeotypic division with bivalent 
formation. Univalents and bivalents gather at the equator and divide. 
Usually the splitting of the univalents is accomplished when bivalents 
remain in the equatorial plane. 

14. Bivalents have generally one terminal chiasma. Inversion-bridges 
are common at first and second division. In H. amplezxicaule they are 
often numerous, nine or ten in number. 

15. Fragmentation phenomena exist in both H. robustum and 
amplexicaule, in the former apomict connected with bivalent formation, 
in the second type connected with pseudohomeotypic divisions. They 
always occur after a prolonged interphase stage. Certain distinct 
features are described. Divisions are more regular close to the ovule 
than farther towards the top of the loculi. 

16. I: H. robustum degeneration of pollen-sacs sometimes starts 
very early. In such cases the tapetum also degenerates, the chromatin 
being discoloured and large vacuole-like formations being present. An 
obvious parallelism exists. 

17. The significance of the balance system found in Hieracium is 


discussed. 











9 


248 G. GENTCHEFF AND A. GUSTAFSSON 


18. The meiotic differences generally occurring in male and female 
organs of the same apomictic individual is expressed in the following 
manner: In the male organs a tendency exists to increase the degree of 
precocity, upsetting the balance system of meiosis by the beginning of 
prophase before tapetal mitosis and PMC-growth take place. On the 
jemale side growth and vacuolisation phenomena cause a lower degree 
of precocity, divisions generally not occurring until a great prolongation 
of interphase and an intense growth of the EMC and its nucleus have 
taken place. Evidently the different behaviour of male and female 
meiosis in Hieracium seems to depend on a different time-action of the 
prophase starting force in relation to growth and vacuolisation forces 
within the loculi and nucellus. 
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THE CULTIVATION OF PLANT SPECIES 
FROM SEED TO FLOWER AND SEED IN 
DIFFERENT AGAR SOLUTIONS 
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* 
[* the late spring of 1939 the present authors started a series of in- 
jection experiments with different hormones in order to study their 
effect on meiosis. Injections were also performed on the recessives 
and heterozygotes of the gene »sticky» in corn, producing a profound 
fragmentation of chromosomes at meiosis and changing the properties 
of the chromoplasm similar to that occurring after intense X-irradiation 
(the primary effect). Simultaneously we began to examine the physio- 
logical and hormonal causes of the double chromosome reproduction 
in periblem cells of Spinacia (GENTCHEFF and GUSTAFSSON, 1939). As 
in the case of Allium (LEVAN, 1939), auxin influences the growth of cells 
in certain tissues outside the ordinary root-meristems and as a con- 
sequence the chromosome number is doubled. The effect of auxins on 
the ordinary root-meristems was nil, not even on the periblem cells, 
where growth and increase in chromosome number take place 
spontaneously. 

Another series of injection experiments dealt with the possibility 
of changing the type of embryo-sac development. As is well-known, the 
most common type of embryo-sacs originates from the development of 
one macrospore after the degeneration of the other three macrospores. 
However, some aberrant types are known in which the embryo-sacs 
develop from two or four macrospores. In genera having these latter 
types frequently intense growth and vacuolisation phenomena take 
place very early. Therefore we decided to study the influence of auxin, 
male and female hormones on the female development. 

Owing to other research work we have not been able to study the 
injection material so far, but since another method was detected, by 
means of which plant species can be cultivated in hormonal media 
during the whole life-cycle, we regard this latter method as superior. 
The artificial cultivation implies a normal response of the plant under 
certain controlled environmental conditions even if the hormone or salt 
concentrations are sometimes detrimental to the organism. 
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For the sake of an experimental attack on the cultivation of 
germinating and excised roots we started on June 14th some ex- 
periments with sterilized Pisum and Spinacia seeds, cultivated in agar 
solutions, according to BONNER and ADDICOTT’s formula (1937). To 
these agar solutions different auxins, colchicine, aneurin, folliculin and 
testosteron were added. We are indebted to the Rockefeller Foundation, 
Paris, for the supply of the three last-mentioned hormones. 

BONNER and ADDICOTT’s prescription, worked out mainly for 
excised roots, is valuable also for 
the following kind of work and is as Set AY 


follows (slightly changed): P ; ( 
a 142 mg. per liter. ‘ “Rye 
MgSO,. 7H,O AE WM, us) » » FOS & ai : 

KNO, shelielaie ev eves 81 » » » cae et . 
ee eee 65 >» » » 

Ui 20 > » » 

|S rae 2 » » > 


Saccharose 4 1 . 
Agar 0,5—1,0 %. 


In the first experiment, mention- 
ed above, no aneurin was used. Later 
we added aneurin to produce a 
0,0005 % solution. 

The sterilization of the seeds was 
first made in accordance with BOn- 
NER and ADDICOTT’s suggestions. 
Later we found that 5 minutes’ treat- Fig 1, Pisum plants grown under 
ment in alcohol (96 %) and 15 light conditions. a) Without hormones, 
minutes’ treatment in sublimate b) with folliculin, c) with testosteron. 
Flower formation in all three tubes. 
(0,1 %) gave the best results for Note the size differences. — 1/s. 
Pisum. For Spinacia the correspond- 
ing figures are 2—3 minutes in alcohol and 10 minutes in sublimate. 
As Spinacia seeds are difficult to sterilize, we took off the seed coat. 
Parallel experiments were performed in darkness and in light. The 
temperature was 21° C. 

In the experiment started first with the Pisum variety »American 
Wonder» flowers were formed under dark conditions on July 10th, i. e. 
after 26 days. These and some other experiments were carried out at 
the Botanical Laboratory of Lund University. We are indebted to 
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Professor Dr. H. KyYLIN for working place. Two weeks after the com- 
mencement of our investigation, but independently of us, BORGSTROM 
began at the same institute a physiological attack on the problems of 
flower formation in agar media, a report of which has already been 
published (1939). 

After the preliminary work on the cultivation methods more ex- 
tensive studies were started at the Institute of Genetics, Svaléf, in the 
beginning of September. Several data have already accumulated. Pollen 
cxaminations and fixations have been made. Studies on the artificial 





Fig. 2. The same under higher magnification. Fruit formation in b). — */s. 


cultivation of non-viable chlorophyll mutations in Pisum have begun, 
the seeds kindly supplied by Dr. J. RASMussoNn, Landskrona. 

Of the results obtained we shall only mention here that different 
varieties of Pisum behave extremely differently. The variety »Gulart 
36/23» did not form buds until 75 days after the beginning of the ex- 
periment (light). In the variety »Graart A 33/205» flowers appeared in 
light conditions after 40 days and in darkness after 45 days. The 
variety »Extra Rapid», finally, formed buds in dark and light conditions 
after 21 days. »Graart» is a fairly early variety, but not so early as 
»Extra Rapid» or »American Wonder». Other late varieties have also 
been tested, which do not produce flowers easily either in dark or in 
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light conditions. Flowers are formed in control experiments without 
hormones, as well as in media containing auxins, folliculin and testo- 
steron, but so far not in colchicine media. Fruits and seeds have been 
produced in folliculin and control media. 

Flowers have also been produced in dark experiments with Spinacia 
oleracea (the variety »Hertha», kindly supplied by Dr. O. GELIN, Lands- 
krona). Since Spinacia is dioecious, the cytological effect of folliculin 
on tetrad formation and that of testo- 
steron on female meiosis and embryo-sac 
development will be especially interesting. 
An examination of the morphological 
effect of the reverse sex-hormones has 
not yet been made, because all flower- 
buds obtained have been fixed at an early 
stage. The microscopical studies will 
reveal the eventual changes in the sex- 
expression. 

The artifical cultivation of barley, 
wheat and Allium species was unsuccess- 
ful, due to the more difficult sterilization 
of seeds and onions. Since early varieties 
occur in barley, easily producing seeds 
under greenhouse conditions after three 
months, a satisfactory sterilization will 
probably yield positive results. 

The cytological and’genetical signific- ie &” Whiiied teeaale Vata 
ance of this cultivation method is obvious. gark conditions without any 
Recent results obtained by OEHLKERS and hormones. Note the changed 
his co-workers on the effect of environ- ™°'Phology of the flower. An- 
thers are free from each other. 
mental changes on the chiasma formation a 
and the process of terminalisation have 
shown that various exterior agencies influence the course of meiosis 
(cf. OEHLKERS, 1937). Especially noteworthy in this connection are 
the results in changed water balance systems and in different plastid 
environment. We have found that seeds of different Pisum varieties 
can germinate in sugar concentrations from 0—18 % and are capable 
of growth. In this way a variable osmotic pressure can be produced 
in the environment of the plants, secondarily influencing the osmotic 
pressure and the water balance inside the organism. In the female 
organs of several apomictic genera changes in the meiotic disposition 
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are connected with growth and vacuolisation phenomena. In male 
organs of Hieracium apomicts bivalent formation is connected with a 
special balance system of tapetum activity, PMC-growth and prophase 
start (GENTCHEFF and GUSTAFSSON, 1940). The experimental change 
of this balance system in other plants is our ultimate purpose. 
OEHLKERS and co-workers have shown that reciprecal Oenothera 
crosses, producing identical genotypes, nevertheless give differences with 
regard to the constitution of plastids and the mutual amount of carotin 
+-xanthophyll and chlorophyll substances. These differences are 
responsible for some changes in the course of meiosis (low chlorophyll 
content corresponds to a decrease in the number of chiasmata or an 





Fig. 4. Tubes with Spinacia cultures in dark conditions.” In a) colchicine, in b) testo- 
steron, in c) and d) different auxin concentrations. — 1/1. 


increase in the terminalisation, »Bindungsausfall»). With the method 
described above it will be a simple matter to find out whether this 
change in meiosis is dependent on the actual structure of the plastidogen 
and the plasm itself or only on the present amount of chlorophyll. The 
cultivation in darkness and in light simultaneously will solve the 
problems with regard to the biotype in question. In Pisum a number 
of different chlorophyll mutations have been described (RASMUSSON, 
1938), consisting of non-viable as well as viable types. The parallel 
cultivation of the recessives, compared with the heterozygotes and the 
normal homozygotes, will reveal the significance of the genotypical 
changes of the plastid structure for the course of meiosis, assuming, of 
course, that the mutations tested have arisen from early varieties 
possible to cultivate. 
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The parallel behaviour of genetical earliness and the possibility to 
produce flowers on agar will, it seems to us, be of importance in plant- 
breeding work. In three to four weeks it may be found out whether a 
cross is transgressive with regard to earliness or not. Since only a small 
number of seeds is required for the cultivation and this can be per- 
formed with agar lacking any hormones, it implies an increase of the 
plant-breeding facilities. As mentioned above, the present authors have 
started a series of careful experiments with ten different Pisum 
varieties. 

In several dioecious genera, such as Melandrium and Spinacia, 
hermaphrodites are known. In Melandrium album and rubrum and in 
Spinacia (cf. AKERLUND, 1928 and HaGa, 1935) the male sex is hetero- 
gametic. In Melandrium an XY-pair exists, but no difference between 
the two sex-chromosomes has been found so far in Spinacia. Most of 
the hermaphrodites in Melandrium have the XY-constitution, occasion- 
ally the female sex is changed (AKERLUND). In Spinacia the case is 
quite different. Rosa (1925) found a frequency of 0,2 % intersexes 
among 5198 plants. According to him, nutrition conditions, light, space, 
mutilation and so on, do not influence the number of intersexes. HAGA 
(1938) found, however, a much higher frequency of hermaphrodites, 
varying from 3,7 to 18,3 %. In all, 105 plants in an offspring of 1307 
individuals were hermaphrodites. It seems obvious to us that special 
‘internal conditions change the female appearance, the intersexes being 
genetically homogametic and female. The finding that Spinacia may 
be cultivated as easily as Pisum (the buds in Figs. 4 b—d were produced 
after 20 days; cultivation in complete darkness), makes it possible to 
approach the physiological causes of secondary hermaphrodism in 
plants. 

Physiological problems, which are of interest to us, concern the 
possibility of cultivating ehlorophytt mutations of Hordeum and Pisum. 
Viable chlorina- or viridis-types will probably form flowers quite readily, 
but albina- and xantha-types are presumably more difficult to cultivate. 
Some preliminary experiments have failed. Since albina-mutations (in 
Hordeum) change the situation of their stomata and decrease the 
transpiration (GUSTAFSSON, unpubl.), new attempts will be made in 
order to solve some problems regarding xerophyte and saprophyte 
structure. 


Sval6f, November 28th, 1939. 
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